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MW GoldStar 


Notice! 

GoldStar reserves the right to make changes to any Information here in at any time without 
notice, such changes are not common and are usually minor. 

GS assumes no responsibility for any problem involving a patent arising out of the applica- 


tion or use of any product or circuit described here in. 


PRELIMINARY data sheet is issued in advanced of the availability of samples and generally 
indicates that at the time of printing the device is not characterized. The specifications are 
subject to change, are based on design goals or preliminary part evaluation, and are not 


guaranteed. 
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1.TV APPLICATION 


PART NO| PACKAGE FUNCTION | PAGE | 


GL3820 


8DIP 


GL1130 7SIP H/S Vertical Deflection Output Circuit 1-3 
GL1150/51 20DIP Sync Deflection Circuit for CRT Display 
GL3101A 16DIP CTV Video IF System 

GL3120 30SDIP VIF + SIF Circuit 

GL3201A 14DIP TV Sound IF System 

GL3202 24DIP Dual Sound IF System 

GL3301 28DIP CTV Video Chroma System 

GL3320 30SDIP Video Chroma Deflection Circuit 
GL3401 20DIP/24DIP | TV Deflection System 

GL3711 16DIP TV Tuner Controller 

GL3812 22DIP Audio/Video Switch 

GL3813 30SDIP Bilingual Signal Processor 


Video Switch 


2.VCR APPLICATION 


GL3130 
GL3615 
GL3667 
GL3816 


GL386 

GL3230 
GL3630 
GL5501 
GL5526 
GL5529 
GL5808 


[VIF + SIF] Circuit 

VCR Audio Play/Record Amplifier 
VCR Fine Slow Still Motion Control 
Electronic Switch 


Low Voltage Audio Power Amp 

Dual Volume/Balance/Tone Control 
CDP Servo Control 

Dual EQ Amp with ALC Circuit 

5-Point Graphic EQ Amp 

Switching Type Dual Preamp with ALC 
AM/FM IF Tuner 


4. TELECOMMUNICATION APPLICATION 


PART NO 


GM16C450 
GM82C50A 
GM16C451 
GM16C452 
GM3054 
GM6388 
GM6390 
GL6801 
GL6840 
GL6901 
GL6981 
GM62093 


PACKAGE 


FUNCTION 


40DIP/44PLCC | Asynchronous Communications Element 
4ODIP/44PLCC | Asynchronous Communications Element 


68PLCC 
68PLCC 
16CERDIP 
22DIP 
22DIP 
16DIP 
8DIP 
16DIP 
16DIP/FIN 
40DiP 


Parallel/Asynchronous Communications Element 

Dual Parallel/Asynchronous Communications Element 
Serial Interface CMOS CODEC/Filter (y-LAW) 

15 Memory Repertory Tone/Pulse Dialer 

Tone/Pulse Switchable Dialer with Redial 

DTMF Generater 

Electronic Two Tone Ringer 

Speech Circuit for Electronic Telephone 

Low Voltage Speech Circuit for Electronic Telephone 
12 x 8 Crosspoint Switch with Control Memory 
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5. REMOTE CONTROL APPLICATION 


PART NO| PACKAGE | FUNCTION 


GM3043 — 20SOP CMOS Remote Control Transmitter 
GM3044 20SOP CMOS Remote Control Transmitter 
GL3274 8SOP/8SIP | Remote Control Preamplifier 


6. INDUSTRY APPLICATION 
6-1. OPERATIONAL AMPLIFIER & COMPARATOR 


PART NO| PACKAGE 


FUNCTION 


GL324/A Quad Operational Amplifier 

GL348 Quad 741 Type Operational Amplifier 
GL358/A Dual Operational Amplifier 

GL4558 Low Noise Dual Operational Amplifier 
GLC9458 Low Noise CMOS Dual Operational Amplifier 
GL339/A Quad Voltage Comparator 


GL393/A - 
6-2. VOLTAGE RAGULATOR 


PART NO| PACKAGE 


GL317 


Dual Voltage Comparator 


Positive Adjustable Regulator 
Pulse Width Modulaton Control Circuit 
Positive Fixed Voltage Regulator 

Negative Fixed Voltage Regulator 


6-3. MOTOR DRIVER 


PART NO| PACKAGE 


GL7401 10SIP H/S Bidirectional Motor Driver with Brake 
GL7438 10SIP H/S Dual Bidirectional Motor Driver 
GL7445 10SIP H/S Bidirectional Motor Driver 


6-4. TIMER & A/D CONVERTOR 


PART NO| PACKAGE 


FUNCTION 


General Purpose Bipolar Single Timer 


GL555 8DIP 

GLC555 CMOS General Purpose Single Timer 
GLC556 CMOS General Purpose Dual Timer 
GM0832 8 BIT Serial I/O A/D Converter 


GM7136 3 1/2 Digit Low Power A/D Converter 


6-5. MISCELAOUS ICs 


PART NO| PACKAGE 


GL574 TO-92 33V Voltage Stabilizer 

GL7101 8DIP Earth Leakage Current Detector 
GM6845S 40DIP CRT Controller 

GD75188 14DIP/SOP Quad Line Drivers (RS-232-C) 
GD75189/A 14DIP/SOP Quad Line Receivers (RS-232-C) 
GD26LS29 16DIP/SOP Quad Line Drivers (RS-423) 

GD26LS33A 16DIP/SOP Quad Differential Line Receiver (RS-423) 
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1. INTRODUCTION 
2. QUALITY ASSURANCE SYSTEM 
e 2.1 Quality Assurance at the Development State. 
e 2.2 Quality Assurance at the Mass Production State 
— 2.2.1 Control of Material Purchasing 
— 2.2.2 Control of The Manufacturing Process 
— 2.2.3 Environment Control 
— 2.2.4 Control of Production and Instrument 


3. RELIABILITY TEST 
e 3.1 Principle of Reliability 
e 3.2 Reliability Test Items and Conditions 


4. SUMMARY 
5S. HANDLING AND STORAGE INSTRUCTION 
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1. 


INTRODUCTION 


In recent years, advances in intergrated circuit have been rapid with increasing density and speed ac- 


companied by decreasing cost. To meet these advances, there are three basic ingredients in the 
manufacture of reliable integrated circuits. 


First, The device must be designed with the user’s applications and reliability requirements in mind. 
Secondly, The device must be manufactured with the optimum technology for the application. 
Thirdly, Controls must be established to assure maintenance of the quality/reliability levels. 
Goldstar has a Quality Assurance System and conducts extensive reliability testing to supply it’s 
customer's needs. 

This report presents Quality Assurance System and Reliability test results of Goldstar Company 
Products. 


. QUALITY ASSURANCE SYSTEM 


To ensure that customers are satisfied with the products that are supplied, quality assurance programs 
are used at both the design and manufacturing phases, focusing on the following points: 


(1) ein the development stage, reliability is designed into products. A through evaluation of reliability 
is performed to ascertain whether the design will lead to the desired quality and reliability. 

(2) Efforts are made at the manufacturing stage of quality control to assure that quality and reliability 
are built into products. Intermediate, final, and quality assurance inspection are used to verify that 
the desired quality and reliability have been achieved. | 

(3) Information with regard to quality is fed back in a timely manner so that the required corrective 
action can be taken by quality assurance personal. 


2.1 Quality Assurance at the Development Stage 
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It is not an exaggeration to say that the fundarmental quality and reliability of a discrete semiconductor 
device or an intergrated circuit is determined at the design stage. Thus, to eliminate design problems 
and provide design improvements while attaining the desired quality and reliability, design reviews are 
performed on prototypes assure product quality. Particularly in the case of intergrated circuits, bread- 
board models of the circuit using standard components can be an effective means of evaluating the 
required characteristic and quality. In addition CAD technology may be used to aid in the design of 
circuits and devices based on design standards. 


Between the development stage, and mass production, there are two steps of prototype and pre- 
production (trial mass production). 


At the prototype development stage, new theories, technologies and concepts are used by the develop- 
ment department to design and produce a new product. To determine whether the desired goals for 
characterstics, ratings, and reliability have been met, primary type test is performed at this stage. Bas- 
ed on these results, thorough investigations are made by both the engineering and quality assurance 


‘departments. Should product deficiencies arise, inspections and failure analysis are performed to 


enable improvements of the development prototype. 


At the pre-production stage, the production department produces sufficient products having quality 
equal to or superior to the prototype. At this stage, secondary type test is used to verify quality. The 
required product specifications, operation instructions, drawings, etc., are produce at this stage in ad- 
dition to the required manufacturing facilities. 
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2.2 Quality Assurance at the Mass Production Stage 


At the mass production stage, the production department takes over production of product based on 
production planning. To maintain equal or better quality than that obtained in previous stages, carefull 
control of materials purchasing, production processing, environment and facilities is performed. In ad- 
dition, in process inspections and final inspections provide the required information with regard to par- 
tiality completed and completed devices to assure overall quality. 


2.2.1 Control of Materials Purchasing 


While the responsibility for quality of individual materials purchased from vendors based on drawings 
and purchase specifications is the responsibility of the vendor, the corporation provides data from in- 
coming inspection of sampled products as a means of monitoring quality and assuring materials quality. 


Selection of vendors is made adopter an investigation of quality control, management, facilities and 
production capacity of the vendor, placing heavy emphasis on quality. Next, a meeting is held with 
the vendor concerning the purchase specifications, and prototypes or sample evaluations are used 
to verify quality at the beginning or a purchase cycle or after a change in manufacturing method or 
specifications. 7 


2.2.2 Control of the Manufacturing Process 


To prototype products of high quality in an economic manner, quality must be built-in at the manufactur- 
ing stage. To do this, work is carried out in accordance with operation instructions and check sheets 
are used to control those aspects of manufacturing that could affect quality. For example, such infor- 
mation as the purity of water, atmosphere, furnace temperature and gas flow are recorded. In addition, 
because of their great influence on diffusion, diffusion depth and surface density are recorded and 
used as control data for process conditions. Also, operations such as wire bonding which are affected 
by differences of individuals have been fully automated to contribute to product uniformity. 


In-process inspections and final inspections are performed to evaluate product quality including out- 
ward appearance, dimensions, structure, as well as mechanical and electrical characteristics. The data 
obtained by such inspections is fed back to earlier processes to maintain and improve product quality 
as well as reduce variations in these areas. 


Wafer processing and assembly inspections are part af the in-process inspection program, each con- 
tributing to the concept of building in quality at the manufacturing stage by providing self checks and 
the inspections performed by the quality control department. A final inspection of all products is per- 
formed to verify electrical characteristics as well as outward appearance of products. In addition, to 
improve product quality uniformity, debugging is used as a means of eliminating products which do 
not meet quality specifications. Again, data from these inspections are useful in quality control. 


Products which have passed final inspection are then subjected to quality assurance inspections. This 
is a form of overall inspection from the standpoint of the end user and is used to accept or reject pro- 
ducts on a lot basis, including tests of outward appearance, electrical characteristics, thermal and 
mechanical environment, and endurance. As an additional control test, samples are made periodically 
for evaluation of reliability. These tests include those of electrical characterics, thermal and mechanical 
environment, and endurance for long periods of operation. The information on quality obtained by such 
quality assurance inspections is fed back in a timely fashion to the related departments. enabling the 
maintenance and improvement of quality as well as providing a means of predicting product quality 
in the market palce. 
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| -STANDARD ASS’Y FLOW CHART OF GS | 


FLOW CHART PROCESS TITLE QC POINT | 


Wafer 
Foil Mount 
Wafer Sawing 


Q.C Monitor 
* Di Water 
* Visual 


Die Bond 


Q.C Monitor 
* Visual 
_ * Die Shear 


Wire Bond 


Q.C Monitor 
* Visual 
* Bond pull 
* Crater 


3rd Optical Insp. 


Q.C 3rd O/Gate 
* Visual 


Molding 


Q.C Monitor 
* Visual 
* X-Ray Monitor 


Deflash/Trim/Form 


Q.C Monitor 
* Visual/Dimension 


RESISTIVITY 
VISUAL 


APPEARANCE 
STRENGTH 


APPEARANCE 
APPEARANCE, STRENGTH 
CRATER 


APPEARANCE 


SPIRAL FLOW 


APPEARANCE 
X-RAY INSP. 


APPEARANCE/DIMENSION 
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QC POINT | 


L FLOW CHART PROCESS TITLE 


4 


. Solder-Dipping 


Q.C Monitor 

* Temp of S/Bath 
* Sn in Solder 

* Solderability 


TEMPERATURE. 
% OF Sn 
APPEARANCE 


4th Optical Insp 


4th O/Gate 


* Visual APPEARANCE 


Temp. cycle (Option) 


Mark & Cure 


Final Visual/Mech. 


Initial Class 


~ Burn-in (Option) 
Final Test 


Q.C Final Gate 
Ageia APPEARANCE 
ELECTRICAL PARAMETERS 
« DG & SPEED 

* FUNCTION 
ENVIRONMENTAL TEST 
MECHANICAL TEST 

AND ENDURANCE TEST 


* Electrical 


RELIABILITY TEST 


* LIFE TES? 
LIPD: 5% 
* 85/85 TEST 
LTPD: 10% 
* PRESSURE POT 
LTPD: 10% 
* THERMAL SERIES 
LTPD: 10% 
LEAD INTEGRITY 
LTPD: 20% 
PHYSICAL DIMENSION 
LTPD; 15% 


* 


* 
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FLOW CHART PROCESS TITLE QC POINT 


* RESISTANCE TO SOLVENTS 
LTPD: 15% 

* SOLDERABILITY 
LTPD: 10% 


Packing 


Q.C Pack Gate 


Ship 


* ESD MONITOR 
(ALL PROCESS) 


2.2.3 Environmental Control 


In the semiconductor industry, the environment plays a large role in influencing product quality and 
reliability. Control levels for dust, humidity, and temperature are set and rigidly maintained. The gases 
or water used in the production plant are carefully controlled to ensure high level of purity. 


The control of dust is particularly important in reducing manufacturing defects and improving quality 
and reliability. For this reason the Corporation places heavy emphasis in this area, providing strict con- 
trols of working conditions and periodic checks to verify that these are being maintained. 


2.2.4 Control of Production Equipment and Instrumentation. 


3. 


The semiconductor industry is an equipment intensive industry having adopted a large variety of automatic 
equipment and high performance facilities to provide uniform high quality. The control of such equip- 
ment and instrumentation is extremely important in the manufacture of devices. For this reason, to 
eliminate loss of accuracy and equipment failures, periodic preventive maintenance and inspections 
are performed. 


RELIABILITY TEST 


3.1 Principle of Reliability 


The fundamental principles of reliability engineering predict that the failure rate of any group of devices 
as a function of time will follow a curve similar to Figure 1. The curve is divided into three regions: 
Infant Mortality, Random Failures and Wearout Failures. These regions describe the principal classes 
of failure mechanisms encountered in that portion of the life of a device. 


Infant Mortality represents the early life failures of a device. Failures in this region are usually associated 
with one or more manufacturing defects. After some period of time the failure rate reaches a low value 
or the Random failure portion of the curve that represents the useful portion of device life. Infant Mortal 


SS a a aE IS NT ETI A DSH ASSIA 
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failures are eliminated prior to customer shipment by high voltage cell stress, HTRB and reliability screen 
testing. (Baking, Temp Cycle, Burn-in) 


Wearout failures occur at the end of the device’s useful life and are characterized byrapidly rising failure 
rate with time. This does not occur before hundreds of years for integrated circuits. 


Associated with each portion of the curve are specific failure mechanisms. These failure mechanisms 
have been extensively discussed in the literature. 


P (%) 


Infant Mortality Wearout 


Steady State 


TIME. t 


Figure 1. Reliability Life (Bach-Tub) Curve 


3.2 Reliability Test Items and Conditions 
|. Group A: ELECTRICAL TEST 


TEST ITEMS. METHOD. MIL-STD-883C GOLDSTAR 
1. STATIC TEST - LTPD 2 : S/S = 266 
(AT 25°C) C = 26 
2. STATIC TEST LTPD 3: S/S = 176 AQL = 0.04% S/S = 315 
(AT MAX. OP. TEMP.) C=2 CC =0 
3. STATIC TEST LTPD 5: S/S = 105 
(AT MIN. OP. TEMP:) C=2 
4. DYNAMIC TEST LTPD 2: S/S = 266 
_(AT 25°C) eis 
5. DYNAMIC TEST LTPD 3: S/S = 176 
(AT MAX. OP. TEMP.) Cc 2 
6. DYNAMIC TEST LTPD 5: S/S = 105 
(AT MIN. OP. TEMP.) Cu zZ 
7. FUNC. TEST LTPD 2: S/S = 266 
(AT 25°C) C 


N 


8. FUNC. TEST LTPD 5: S/S = 105 
(AT MAX. MIN OP. TEMP.) C 

9. SWITCHING LTPD 2: S/S = 266 
(AT 25°C) Cc 


Huyu dyn dl 
NM] NM 2 


N 


10. SWITCHING LTPD 3: S/S 76 
(AT MAX. OP. TEMP.) c 

11. SWITCHING 
{AT MIN. OP. TEMP.) 


=k 


N 


LTPD 5: S/S 05 
Cc 
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ll. Group B : Per Lot 


TEST ITEMS. © METHOD. 


Sub 1 | 
PHYSICAL DIMENSION 
Sub 2 
RESISTANCE TO SOLVENTS 


MIL-STD-883C GOLDSTAR 


:-c=0 


4:c=0 


Sub 3 
SOLDERABILITY TEST 


LTPD 15% S/S 
C 


ll 
—h. 
oO 


Sub 4 
INTERNAL VISUAL & 
MECHANICAL 
Sub 5 
BOND STRENGTH 


n=1:c=0 


LTPD 15% S/S 


= LTPD 15% S/S 
C= 


C 


Sub 6 
INTERNAL WATER 
VAPOR CONTENT 
Sub 7 
SEAL 


O or NOT BEING 


1 


a 
oll 
on Ww 
Qo 


FINE LEAK 
GROSS LEAK 


LTPD 5% S/S 
C 


45 
6) 


LTPD 5% S/S 


il 
i 
on 


Sub 8 

A) ELECTRICAL PARAMETERS 
B) E. S. D CLASSIFICATION 
C) ELECTRICAL PARAMETERS 


Cc 
LTPD 10% S/S 
C 


Sub 1 
A) STEADY STATE LIFE TEST AT 125°C: 1000 HRS 
B) END POINT ELECTRICAL. LTPD 5% S/S = 77 
C=1 


TEMPERATURE CYCLE TEST COND. C TEST COND. C : 100 CYCLE 
LTPD 15% S/S = 25, C = 1 |LTPD 15% S/S = 25, C = 1 
CONSTANT ACCELERATION TEST COND. E TEST COND. E 
Y¥1 ORIENTATION ONLY Y¥1 ORIENTATION ONLY 
SEAL 
FINE LEAK TEST COND. B 
GROSS LEAK TEST COND. C 
VISUAL EXAMINATION 


“END POINT ELECTRICAL. 
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IV. Group D : PACKAGE RELATED TESTS 


TEST ITEMS. METHOD. MIL-STD-883C GOLDSTAR 


LTPD 15% 


A) LEAD INTEGRITY LTPD: 13% 
SEAL 
FINE LEAK 
GROSS LEAK 


TEST COND. B 
TEST COND. C 


Sub 3 
A) THERMAL SHOCK COND, B= 15 CYCLES 
LTPD 15% Ss 
C 

TEMPERATURE CYCLE TEST COND..C: 100 CYCLE (TEST COND. C : 100 CYCLE 
MOISTURE RESISTANCE 
SEAL 

FINE LEAK 

GROSS LEAK 


VISUAL EXAMINATION 


END POINT ELECTRICAL. 


Sub 4 
A) MECHANICAL SHOCK 


LTPD 15% 1S|LTPD 15% 


COND.B 


B) 
C) 


D) 


VIBRATION, VARIABLE 
FREQUENCY 
CONSTANT ACCELERATION 


SEAL 
FINE LEAK 
GROSS LEAK 


TEST COND. A 


TEST COND. E 
Y1 ORIENTATION ONLY 


TEST COND. B 
TEST COND. C_ 


TEST. COND. A 


TEST COND. E 
Y1 ORIENTATION ONLY 


TEST COND. B 
TEST COND. C 


E) VISUAL EXAMINATION 


F) END POINT ELECTRICAL. 
Sub 5 


A) SALT ATMOSPHERE LTPD 15% 


B) VISUAL EXAMINATION 
END POINT ELECTRICAL. 


Sub 6 
INTERNAL WATER 1018 |jn=83 
VAPOR CONTENT (5000 PPM) n=5 


Sub 7 


| 
2 
O 
— 
Ww 
mn 
Zz: 
°) 


ADHESION OF LEAD FINISH 


Sub 8 
LID TORQUE : 2024 In=5:c=0 n=5:c=0 
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V. Group E : RADIATION HARDNESS ASSURANCE TESTS 


TEST ITEMS. METHOD. MIL-STD-883C GOLDSTAR 


Sub 1 


NEUTRON IRRADIATION at 25°C 
A) QUALIFICATION n= 15% NOT BEING 
B) QCl n=11: 


Sub 2 
STEADY-STATE TOTAL at 25°C NOT BEING 
DOSE IRRADIATION n=15: 
A) QUALIFICATION n=11: 
B) QCl 
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FMA FLOW CHART 
CUSTOMER 
SALES DEPT. 
QC pePr 


PRODUCT ~«— ENGINEERING . __, DESIGN (R & D) 
DEPARTMENT DEPARTMENT 


’ 
QC DEPT. 
SALES DEPT. 


CUSTOMER. 


* FAILURE ANALYSIS 


DECAPSULATION 


EVALUATION 


CLAIM, COMPLAINT 


IF REQUIRED, SEND DEVICE 
FAILED TO QC DEPT. 


FAILURE ANALYSIS 


DETAILED INVESTIGATION. 
CORRECTIVE ACTION 


PREVENTION OF 
REOCCURENCE 


REPORT THE RESULT 


ANSWER TO THE CLAIM. 


EVALUATION 
EVALUATION 


CHARACTERISTIC EVAL. 


p-SCOPE SO 
CHIP PROBE 


STRIP per LAYER 
ANALYSIS & SUMMARY 
REPORT 


PHOTO EVAL. 
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4. SUMMARY 


This report has presented quality assurance system and reliability test on GoldStar devices. 
According to the reliability test results and actual experimental data of operating life test, it is 


concluded that GoldStar devices are high quality devices and the incoming failure rate is expected 
to be less than 0.04%. | 


5. HANDLING AND STORAGE INSTRUCTION 


5.1 HANDLING PRECAUTIONS 


For all devices, the following practices should be observed for protection against high electro static 
discharges. 


9.1.1 Device leads should be in contact with a conductive material except when being tested or 
in actual operation. 


5.1.2 Conductive parts tools, fixtures, soldering irons and handling equipment should be grounded 
to handle the devices. 


9.1.3 Devices should not be inserted into or removed from test stations unless the power is off. 


5.1.4 Neither should signals be applied to the input while the device power supply is in an off 
condition. 


5.1.5 Operators should use grounded wrist straps and work conductive surfaces should be also 
grounded. | 


5.2 STORAGING PRECAUTIONS 
There are several basic requirements in case of long term storage for semiconductor devices. 


5.2.1 Store the devices in a covered or sealed antistatic container. 
5.2.2 Store the devices in an environment of no more than 60% relative humidity. 
5.2.3 Store the devices in a inert atmosphere not exceeding +125°C or no more than —55°C. 


5.2.4 Physical force is not permitted on any leads or plastic body when the devices are stored for 
prevention damage of device. 
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GL1130 


VERTICAL DEFLECTION OUTPUT 
CIRCUIT FOR COLOR TV SETS 


Description Pin Configuration 


The GL1130 is monolithic linear IC designed for 
small aperture color TV vertical deflection output and has 
such features as greatly reduced number of external parts 


and low power dissipation. The GL1130/1131 can be used GND 
in conjunction with the GL3320 for video chroma deflec- VERTICAL suai 
tion use and the GL1150/GL1151 for display use to form POWER SUPPLY coe Scns 


VERTICAL OUTPUT -~___ —___- 


a stable and compact vertical output deflection circuit. INPUT 


OSC BLOCKING PIN—— ___ 


Features POWER SUPPLY Yeo oe 
High output PUMP-UP OUTPUT 
On-chip pump-up circuit and low power dissipation 


Minimum number of external parts required 
High ESD Characteristic (about 20 kV) 


Maximum Ratings at Ta=25°C 


Maximum Supply Voltage Vemax 30 V 
V3max 60 V 
Deflection Output Current |,max +1.3 Ap-0 
Allowable Power Dissipation Pdmax 4.5 Ww 
Operating Temperature Topr —20 to +75 iC 
Storage Temperature Tstg —-40 to +125 AG 
Operating Conditions at T,=25°C 
Recommended Supply Voltage Veg 24 V 
Operating Voltage Range Ve 18 to 27 Vv 
Deflection Output Current Iop-p up to 1.5 Ap-p 


Operating Characteristics at Ty, =25°C, Voc =24.0V 


Output Transistor Saturation Voltage (1) 
Output Transistor Saturation Voltage (2) 
Pin 7 Saturation Voltage (1) 

Pin 7 Saturation Voltage (2) 

Quiescent Current 
Middle-Point Voltage 


GL1130 1131 


Equivalent Circuit Block Diagram and Pin Assignment 


Pomax —T a 


HEAT SINK MOUNTING CONDITIONS: MOUNTING TORQUE 
4kg cm WITH SILICONE GREASE APPLIED 


GND 1 


VERTICAL 
OUTPUT 
P| 


VERTICAL OUTPUT 9 


a 
3AIYG WOILYSA 


POWER SUPPLY FOR 
VERTICAL OUTPUT 3 


INPUT Fi 


OSC BLOCKING PIN ,-— 


POWER SUPPLY V,<, a7 


PUMP UP 


PUMP-UP OUTPUT 7 


ALLOWABLE POWER DISSIPATION Pdmax — W 


AMBIENT TEMPERATURE, T,—°C 


Sample Application Circuit 1 Sample Application Circuit 2 
(Vertical output of GL3320) (Vertical output of GL1150/1151) 
GL1130 


VERTICAL 
OUTPUT 


VERTICAL 
SIZE 


15 GL1150 


VERTICAL RAMP GENERATOR 


1-4 


GL1150 / 1151 


SYNC. DEFLECTION CIRCUIT 
FOR CRT DISPLAY 


Description 


The GL1150/1151 are sync. deflection circuit IC dedicated to CRT display use. They can be connected to the GL1130/ 
1131(for vertical output use) to form a sync. deflection circuit that meetsevery requirement for CRT display use. 

So far, IC’s for color TV use have been applied to the sync. deflection circuit for CRT display use and general-purpose 
IC’s such aS one-shot multivibrator, inverter and a lot of transistors have been used to form the peripherals such as 
sync input interface, horizontal phase shifter. 

The GL1150/1151 contain these peripherals on chip and adopt a stable circuit for horizontal oscillation from 15kHz 
to 100kHz aiming at improving the characteristics required for CRT display use. 


Features 


© The Horizontal Oscillation Frequency can be Adjusted Stably from 15kHz to 100kHz. 

e The Horizontal Display can be Shifted Right/Left. 

e The Horizontal/Vertical Sync Input can be Used Intact Regardless of the Difference in Pulse Polarity and 
Pulse Width 

e The AFC Feedback Sawtooth Wave can be Obtained by Simply Applying a Flyback Pulse to the IC as a 
Trigger Pulse. 

e Any Duty of the Horizontal Pulse can be Set. 

e Good Linearity Because DC Bias at Vertical Output Stage is Subjected to Sampling Control Within 
Retrace Time. 

e Vertical Pull-lIn Range 20 Hz Permits Non-Adjusting at Vertical Sync 50Hz/60Hz in GL1151. 


On-chip Functions 


(Horizontal Block] (Vertical Block] 

e AFC e Vertical OSC 

e Horizontal OSC e Vertical Sawtooth Wave Generator 
¢ X-ray Protector © Sampling Type DC Voltage Control 
e Horizontal Phase Shifter 

e AFC Sawtooth Wave Generator 

e Horizontal Pulse Duty Setting 


Pin Configuration 


HORIZONTAL TRIGGER INPUT [1 203 VERTICAL POWER SUPPLY 


COMPARISON VOLTAGE 
GENERATING CAPACITOR 


GL1150 / 1151 
eee OGL 7 1151 


Absolute Maximum Ratings at T,=25°C 


unit 
Maximum Supply Voltage — V10 20max 14 V 
Allowable Power Dissipation Ppmax T,<65°C 780 mW 
Operating Temperature Topg —-20 to +85 °C 
Storage Temperature Tstg —955 to-+125 *C 
Operating Conditions at T,;=25°C A 

uni 
Operating Voltage Range = V10.20-opg 90to13.5 V 
Recommended Supply Voltage V19 99 12.0 V 


Operating Characteristics at T,=25°C, Voc10=Vcc20=12V 


CONDITIONS 
Vertical Sync GL150 
60Hz GL1151 


fy center 55Hz © 
V20=12+1V 
55Hz at 12V 


: Ss 
O};}n] po 


= 

10 a 

19 | | 230 | Hz | 
— 


Increased/Reduced Voltage 


Characteristic of Vertical Frequency 


Middle-point Voltage Control 
Threshold Level 


Fo 
Peed 
Increased/Reduced Voltage 
V4 
Operating Voltage ae 
[vis “| Howsown Operation Siatvotage | SSS 
[2 | Homzonal brie urent 


4 


ey 


| 
ov *) =) 
N co on 
‘ainsi BN 
(oe) 
a ye 


V10=12+1V 
15.734kHz at 12V 


Characteristic of Horizontal Frequency 


Comparison Wave Generation Input 


GL1150 / 1151 


Sample Application Circuit: 14” Color Monitor/fy=60Hz, fy=15:734kHz 


GL1130/1131 


dak VERTICAL a 
Sz DRIVE = 
£5 ST 2 
=o a 


| VERTICAL 
SYNC PULSE 0:022U «120k 33k 


VERT HOLD 


+Bvo 

(12V) (NOTE):CO IS CONNECTED WHEN OSCI 

LLATION OCCURS IN VERTICAL 

0.047u OUTPUT IN SAMPLE APPLICATI- 
ON CIRCUIT 


GL1150/1151 


HORIZONTAL 
SYNC PULSE 
VERTICAL 
| Osc 14 
ee + 
PHASE SAW TOOTH RSE X-RAY 
SHIFTER GENERATOR AFC ORIZONTAL OSC 
12 13 
— HOR. DRIVER] 3-3 
(12k) 
+ 
() NEGATIVE Pr bo. 
PULSE MODE af 
HOR 
PULSE 
VR2 |S FIXED AFTER ADJUSTMENT ] 15k OUTY | 
FLYBACK PULSE +B, HOLD DOWN 


: (12V) 


GL3101A 
CTV VIDEO IF SYSTEM 


Description Pin Configuration 


The GL3101A is a bipolar monolithic integrated circuit 
designed for color television receivers. This IC has all func- 
tion including video IF amplifier, quasi-synchronous detec- VIDEO OuTPUT [11 
tor, AFT with defeat terminal, video amplifier, delay IF AGC 
amplifier, RF AGC, and noise canceller. 


AGC DELAY ADJ. 
GND LJ 2 AGC DET. VOLT 
AFT DET. COILT 73 CAPACITOR 


VIDEO DET. COIL ["}4 VIDEO INPUT 


Feature | VIDEO DET. cor. (J VIDEO INPUT 

¢ 920 KHz Beats and Cross-Color Reduced eapaeron 

e Improved DG and DP AFT DET. COIL LG 

_© Minimized External Components DEFEAT TERMINAL (_]}7 DELAY AGC OUTPUT 


¢ Minimium Level of Forward AGC Output 
Voltage is Changeable by External Resistors. 


AFT OUTPUT L_]8 Voc 


Absolute Maximum Ratings (T, =25°c) 


Power Supply Voc 15 V 

Power Dissipation Pa 745 mW 
Operating Temperature Topr —20%+65 °C 
Storage Temperature Tst¢ —55%+125 °C 
Mean Level of Maximum Output Current at Pin-1 lo 4.2 mA 


Block Diagram 


GL 3101A 


ELECTRICAL CHARACTERISTICS (T,=25°C) 


PARAMETER TEST CONDITIONS | MIN. | TYP. | MAX | UNIT. 
SUPPLY CURRENT | 
SUPPLY CURRENT 2 rp | viF=80 de SSS~S~w 27.0 | 40.0 61.8 | mA 


' 
2 27.0 
The Input Voltage at Which the Video 
INPUT SENSITIVITY Output Voltage Reduced 1dB dB 
The Frequency at Which the Video 75 MH 
: Output Voltage Reduced 3dB e 
The Input Voltage at Which the Video 93 
in(max) | Output Voltage Varies Within 5% 
m=0.875 2.65 
ol ee 5.90 
—_ + Bo . 
Differential Gain DG Herts oe — 8 
C 
O 


V 
f 
V 
V 
; m=0.875; 5% Chroma Added: 
Differential Phase op DSB Signal Input pf es 
a 
a 


ca! 


Video Bandwidth 
Maximum Input Voltage V 
V 


Video Output Level 
Sync. Tip Voltage 
Noise Canceller Starting Voltage 


AGC Charging time Constant 


.~ 


Input Signal Modulated with 
Square Wave 
AGC Discharging Time Consant aa Hoy codatod win 


Vertical Internal Distortion ee ae ae 
Minimum RF AGG Voltage awe 
Maximum RF AGC Voltage T1001 11.7041 1 
Signal-to-Noise Ratio 
Noise Limitted Sensitivity (re 5 


o}y | 8 ~ 
o| 7 16 Nh 


% 
us 
mS 


2) 


Bg 
< 


Co 
po 
ah | ok 

hm o!1lo 
ol 


= 


PIF Input Resistance at Pin-12 Test Circuit 2 
PIF Input Resistance at Pin-13 Test Circuit 2 
C 


—_ | NM 

(6) 

aIO < 
@ In 


PIF Input Capacitance at Pin-1 
PIF Output Capacitance at Pin- 


Video Output Resistance sie 


<e) 
© 
els 


AFT Quiescent Voltage No Input Signal 5.25 | 6.52 
DC Output Voltage at AFT Vuo _| Defeat On 6.45 | 6.52 | 6.59 


NO 
.é¥) 
8 


AFT Detection Sensitivity Ld IF Sweep Signal Input | — | 180 | 


AFT Hold Range (High) Mz 
AFT Hold Range (Low) Fx IF Sweep Signal Input |—3.5|-1.8|-1.0 | MHz 
Maximum AFT Voltage 11.6 [11.95 
Minimum AFT Voltage IF Sweep Signal Input 0.05 | 0.30 | 1.0 
ac AE 
RF Stage Gain of Tuner Attenuated | 0 | 2 | 5 | dB | 
Ta=—20°C to + 65°C T=efo |e la, 
[Thermal Deviation of Video output] DVor_[Ta=-20°Cto+ esc | -5 | oO | 5 | % 


a 
Ce) 


GL 3101A 


Test Circuit 1 


9 D 
VG S3 
e 
V 
a TANTALUM Fc 
A 0.01 uF 
TF ag 
0.01uF] 0.01pF] 0.01pF 100uH 
0.01 
“se = 0.01pF Voc 
BE 330uF 


aoe ORO OZORO BORO 
9.1K | 


) GLst018 oe 
S3: OPEN 
Vv 
ORCMOMOMOMOMOMON: 
47K 
a] [AH 
A 
° 56K 
I/ S1 fee 
c 5.6K 
@ 
1 20pF 


Test Circuit 2 


R-X Meter 


10.uF 
B GL3101A 


OC MONOROMOMO 
+ + b+ ot 
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~ GL3120 
VIF+SIF CIRCUIT 
for TV Sets, VTR’s 


Description 


The GL3120 is an IC containing the VIF section and SIF sec- 
tion on a single chip in the DIP30S package of shrink type. 
Since the GL3120 is capable of performing video detection 
and sound detection independently or simultaneously, it can be 
applied to various sets from popular type to high-grade type ac 
cording to the designer’s policy. 


Feature 


¢ High Gain VIF Amp Requiring No Preamp 

e High AGC Speed 

e Provides Wide-Band Detection Characteristics and Meets 
Sound MPX Demodulation Requirements Because of FM 
Detection Being quadrature Detection. 

e Possible to Use Sound REC Pin (Pin 2), Aux Pin (Pin 3) 

e Possible to Mute Video, Sound for VTR: 
Pin 7 GND: Muting of Both Video and Sound 
Pin 29 GND: Muting of Sound Only 


Block Diagram 


cerernc filier 
Vee Miz VOC Voc ovipul 


SIF VIF Video AFT coll AFT 
ft 


Function 


VIF section: VIF amp, video detector, peak IF AGC, B/W noise 
canceler, RF AGC, AFT, SIF detector 

SIF section: SIF limiter amp, FM detector, DC attenuator, AF 
driver 


ouipul Vee 


GL3120 


Electrical Characteristics/T, = 25°C, Vcc = 12V, fp =58.75MHz, fs = 54.25 MHz (VIF), fo = 4.5MHz (SIF) 


(VIF Section) 


a 


Ola 


o1}] O 


Sl] o 


fm = 400Hz — 40%AM, 
vo = 0.8vpp 


“AGC voltage fm = 15kHz — 78%AM, 
vo = +1dB 


Video output amplitude vi = 10*, fm = 15kHz — 78%AM | 
vi 


= 10*, CW 


= 
p | ™N © {Oo sy) 
rola o1 | Po x 


= 
awn, 
2) 
oo) 


2.2 Vpp 


Oo} D < 
ol Oo ~ w WIG 


0 
~ 
ial 
HI 
—s 
| 
* - 
= 
m 
Mm 
U 
£ ee | ice) © 


C 50 | 57 

Maximum AFT voltage vi O | 11.5 V 
i 
ateatae tv 
42 | 46 Vv 
2 


SIF output signal voltage 
Frequency characteristic 
Differential gain | DG | vi = 10*, —87.5%, video-mode 


| 60 | 

_ 8 | 15 

| 4 {| of % | 
| 6 


vi = 10*, —87.5%, video-mode 


=k 
O1 | © 


oO 


— p]o 
‘@) CO; oe 


5 | 70 


Electronic volume control characteristic 


= Attenuation — dB 
oO o) 


Pin 29 Voltage — V 


GL3120 


(SIF Section) 


SIF limiting sensitivity 


Symbol 
ViLim 


Vo2 


Detection output voltage 


— 
os 
Oo 


Total harmonic distortion 


AM rejection 


A 
DCVR maximum attenuation A 


AF amp gain VGar 
AF amp output voltage Vv 


(Note) 


MR 
Tt 
05 - 


Conditions 
—3dB 


vi = 100*, fm = 400Hz, 


Af = +25kHz 
vi = 100*, fm = 400Hz, 
Af = +25kHz 


vi = 100*, fm = 400Hz, 
Af = +25kHz, —30%AM 


vi = 200*, f = 400Hz 
vi = 100*, f = 400Hz 
THD = 10%, f = 400Hz 


e FM detector input impecdance (pin 30):2k 0 (typ.) 


*- mVrms 


Typical Application 


001u 


1K video 
output 


4.5MHz trop 


AFT 
00tu defeat 
as SW 


82K 1k 


0.01u/0 O1u10k VR 
RE AGC 


vR 


. 6 0.56uH O 
video & sound muting + RF AGC output 
CLL 


(i) 


GL3120 


Pin Configuration 


FM Discriminator 


FM Detection Output 


DC Attenuator IN 


AF AMP Negative. Feedback 


AF AMP Output 


GND 


IF AGC Filter 


VIF Filter 


VIF In 


VIF In 


RF AGC Variable Resistor 


RF AGC Output 


IF AGC Filter 


Sound Trap 


GL3120 


FM Discriminator 


DC ATT VR 


SIF Filter 


Limiter Amp In - 


SIF Filter 


SIF Output 


SIF Vcc 


VIF Voc 


Video Output 


AFT Detection 


LLD Detection 


LLD Detection 


AFT Detection 


AFT Output 


Sound Trap 


GL3201A/GL3202 


TV SOUND IF SYSTEM 


Features Pin Configuration 


e Electronic attenuator replaces conventional 
volume control...range>60 dB 


Audio Driver | 
e Differential peak detector requires one single tun- a eerie 


Sound Signal In. 


ed coil Sound Signal In. Tone Controller 
e Internal Zener diode regulated supply ground Audio Driver Out 
e Inherent high stability Eoundior nc NC 
e Excellent AM rejection at 4.5MHz : Sea ascoreal 
‘ . . cc etector COll . 
e Low harmonic distortion . 
¢ High sensitivity 180yV limiting at 4.5MHz Attenuator Adjust eens 
e Audio drive capability...6.0mA p-p DC-Emphasis Filter |_} 7 Attenuator Buffer Out 
e Undistorted audio output voltage...7V p-p 
e Minimum undersirable output signal at Maximum 
attenuation 
FM Detector Coil |} 1 Audio Driver Out 
— FM Detector Coil |_} 2 Tone Controller 
Description Attenuator Buffer Out [] 3 Audio Driver In 
: om : : ie -Emphasis Filt i 
_..a versatile monolithic integrated circuit incor- asl east ™ Ua een 
. . — — Attenuator Adjust LJ 5 Sound Signal In 
porating a multi stage IF amplifier limiter, an FM, an Vcc Greund 
electronic attenuator, a zener diode regulated power Attenuator Adjust 18] Sound Signal In 
supply and an audio amplifier driver. | DC-Emphasis Filter 17 [_] Sound Signal In 
_..designed for television sound system applications. nee ne ot 6 ; nae ae i 
. etector Coi one Con 
The GL3202 is dual of GL38201A. Because Vcc and miaiibescien Gol i417) Audio ‘paver Out 
Ground is common, all the parameter of GL3202 is nc [12 131] NC 
same as GL3201A except Icc, which is 2 times 
higher than that of GL8201A. 2) GL3202 


Block Diagram 


Regulated 
Power Supply 


(4) 
Audio 


Driver a 
(3) 


© 410) 


GL3201 A/GL3202 


Maximum Ratings (T, = 25°C) 


¢ Input Signal Voltage (Pins 1&2) Vi +3 V 
¢ Power Supply Current (Pin 5) Is 50 mA 
e Power Dissipation Pp 625 mW 
¢ Storage Temperature Tstg —65~%+150 _ FC 
¢ Operating Temperature Topr —20%+85 °C 


Dynamic Characteristics (Vcc = 24Vdc, Ta = 25°C) 


If Amplifier 
PARAMETER SYMBOL | TEST CONDITIONS MIN. TYP. 
f= 4.5MHz, f,,=400Hz 


Input Limiting Voltage 
V (lim) 
(at—3dB Point) 


Anput Input Resistance R,(IF) 


Impedance 
Input Capacitance C,(IF) 


Output Resistance R,(IF) 


Deviation= + 25KHz 


fo =4.5MHz, Amplitude 


‘Modulation=30% 
Measured between 


Pin No. 1&2 
f=4.5MHz 


Measured between 


Pin No. 9 & GND 
f=4.5MHz 


(li 
MR 
i 
i 


Output 
Impedance 


Output Capacitance 


~ 


Detector 


Tos 
250 


Attenuator 


MAX. Attenuation 
MAX. “Play-through’” Voltage 


ia 
as 
—a 
PARAMETER | MIN. | 
| 80 
ce 


Audio Amplifier 


[—raraweren | sweot | vest conomions | ww [WP [m 
[Tota Harmonic Distowon | THOIAF) | V=2Vimm, t=400H2 | — 
output votage «| «d TH, fma0one | 2 
Pinout Resistance «| AF) | feadone dC 
[Output Resistance ————=«t:CRGAF) | aon SSS 


GL3201A/GL3202 


*. Test Circuit For Vi(lim), AMR, VO(AF), THD, ATTENUATION 


1) GL3201A 


AM Signal Generator Voc (24V) 
Hewlett-Packard Type _ ) Rs 
606A or Equivalent 390 Wate Pua 


V/2W Hewlett-Packard 
Type 302A or 
0.047 uF or Equivalent 


“a 


Boonton Type 207H oa 
Univerter or 


Equivalent 
2 68pF AB 12pF Distortion Analyzer 


Hewlett-Packard Type 
334A or Equivalent 


Boonton Type 202H 
AM-FM Generator 
or Equivalent 


2) GL3202 


AM Signal Generator 


Hewlett-Packard Type Vec (24V) 
606A or Equivalent O Rs Wave Analyzer 
390 1/2W Hewlett-Packard 


Rx Type 302A or 
Equivalent 


0.047pF r (5) 
0.01 pF ) an 
B (4) 


0.01 uF 


Boonton Type 207H 
Univerter or Equivalent 


L1 Distortion Analyzer 
Hewlett-Packard Type 
Boonton Type 202H 68 : 
AM-FM Generator or ial 12pF 334A or Equivalent 
Equivalent 


GL3201A/GL3202 


Package Dimentions 


1) GL3201A 


Dimension in mm 
WwW 


2) GL3202 
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GL 3301 


CTV VIDEO CHROMA SYSTEM 


Description 


GL3301 is a bipolar monolithic intergrated circuit design- 
ed for C-TV Luminance-Chroma system with auto flesh. This 
IC has all functions including auto flesh control, color 
average, chroma amp, color sync, color demodulation, 
sharpness emitter peaking, contrast control, pedestal 
clamp, brightness control, blanking video output circuit and 
over saturation preventer. 


Feature 

e Low Cost and Excellent Characteristics for VTR 
Monitors 

e Demodulation Phase is Adjustable by One External 
Capacitor (90° Demond., Without the Capacitor). 

e VCO’s Output Frequency is Adjustable by a Variable 
Resistor 

e Voltage Gain of Auto Flesh Control is Adjustable 
Externally. 


Absolute Maximum Ratings 


Supply Voltage Voc Hes. V 
Power Dissipation 

(T,=70°C) Pa 850 mW 
Operating Temperature Topp —20~%+70 °C 
Storage Temperature Tstg —55V+125 °C 


Block Diagram 


5 Se 


Emitter 
Peaking 


Pin Configuration 


Acc Filter 280 | Emitter Peaking 


Color Control 271 3 Video Input 
Killer Filter 261 | Contrast Control 
Chroma Input 251 | Pedestal Output 


B.P.A. Output 24 } Variably Output 


GND 23 { | Bright Control 
Sync. Input GL 3301 22 (LJ Blanking Input 
OSC 1 211 } Video Output 
OSC 2 200) Voc 
OSC Output [| #10 191 | B.P.A. Output 
APC Filter [11 187 J NC 
(B-Y) BEF. Output L912 17 [J (B-Y) Output 
Tint Control! [913 167 ] (R-Y) Output 


Auto Flesh Output L914 154 ] (G-Y) Output 


@ 


ntrol Amp. 


Range 
: Control 
xz 
eae ime 
[aa ae 


Electrical Characteristics; (T,=25°C, Voo=12V) 


PARAMETER SYMBOL TEST CONDITIONS | MIN. | TYP. U 

D.C Voltage Difference E17— |Voltage at Pin 17 03 
Between any demod. output} E16 —Voltage at Pin 16 
D.C Voltage Difference E16— {Voltage at Pin 16 03 0.3 V 
Between any demod. output} E15 —Voltage at Pin 15 : ; 
D.C Voltage Difference E15— |Voltage at Pin 15 -0.3 0.3 

Between any demod. output} E17 —Voltage at Pin 17 
| S1=1,S2=3,$3=2,S4=2,S5=1, 

Blanked Output Voltage Veo S6=1.V23=8.9V 10.1 
Blanking Input Level Nis, [21> Veet oe ESt= 2006s. 06 0.7 
Total Consumption Current | Ioc 


S6=1 
Vay 


—, 
— 
onk 


$1=2,S82=3,S3=2,84=2 S5=3, 
S6=2 Sync. in, No Input 
$1=2,S2=3,S3=1,S4=2,S5=3,S6=1 
Sync. in, Chroma Input: 
Burst= 100mV,. 


$1=1,S2=3,S3=1,S4=1,S5=3,S6=1 
Ec max | Sync. in, Chroma Input: 
Burst/Chroma=100mV._ ; 
$1=1,S2=3,S3=1,S4=1,S5=3 S6=1 
ACC Range (1) . Sync. In, Chroma Input: 
ACC Range (2) jee 


Burst/Chroma= 10mV,,. 
Killer Current (Color) 


| 
> 


Tint Center Voltage 


< 


o| + 
wl > 


Max. Chroma output 0.80 Vo-p 


& 


0.53 | 0.67] Vp. 


° w 
©) 


$1=1,S2=3,S3=1,S4=1,S5=3 S6=1 
Sync. Inc, Chroma Input: 


Eno 
Killer Current (B/W) fie | 
fe 


< 
by 
5 


| 
4 
Oo) 
a 
i) 
oO 
| 
aS 


$1=1,S2=1,S3=1,S5=3,S6=1 
Sync. In, Chroma Input: 


Killed chroma output voltage 


Min Gain Chroma O/P Voltage 


Killer Sensitivity Sync. In, Chroma Input: 


Burst/Chroma= 1 00mV,,.,/100mV,,,, 


GL 3301 
TEST CONDITIONS a ff Fo 
Min. Chroma Output 


S1=1,S2=3,S3=1,S4=1,S5=3,S6=3 

Ec min | Sync. In, Chroma Input: 0.19 
Contrast Range of Chroma 
Output 


S1=1,S2=S3=1,S4=1,S5=3,S6=3 
Sync. In, Chroma Input: 
Burst/Chroma= 100mV,,,,/100mvV,. 
S1=1,S2=S3=1,S4=1,S5= 3,S6= 3 
Sync. In, Chroma Input: 
Burst/Chroma= 100mV,. . 
S1=1,S2=3,S3=1,S4=1,S5=3,S6=1 
No Input: 
S1=1,S2=3,S3=1,S4=1,S5=3,S6=1 
No Input: 


A.P.C Pull-In Range (+) 


fp_ 


A.P.C Pull-In Range (—) 


OSC Output Level 
OSC. Free Run Frequency 
Detection Sensitivity of APC ai 
VCO. Controlling Sensitivity 
Stability of VCO. Freq. vs 

Supply Voltage Ov 


Det. 
Tint Control Range (1) Rr; 


rc mr ee Saeoal 
Voc=1 2VH1V 
S1=1,S2=3,S3=1,S4=2,S5=3,S6=1 
Sync. In, Chroma Input: 
Burst/Chroma= 100mV,._/1 OOMV,.» 
V13=1V, Pin 12 Open 


S1=1,S2=3,S3=1,S4=2,S5=3,S6=1 
Sync. In, Chroma Input: 

Burst/Chroma= 100mV,,.,/100mV,.p 
V13=7V, Pin 12 Open 
S1=1,82=3,S3=1,S4=1,S5=3,S6=1 
Demo. |/P (BNC 7): Sine Wave 

with Amplitude=1.2V,., & 
Freq.=3578545+5Hz 
S1=1,S2=3,S3=1,S4=2,S5=3,S6=1 
Demod. |/P (BNC 7): Sine Wave 


Te [wo [a [ 


Tint Control Range (2) Rro 


Max. (B-Y) Output he 


Demod. Conversion Gain Ep. ; - 
RY |with Amplitude=0.2V,., & 
Freq.=3578545 + 52 
S1=1,82=3,S3=1,S4=2,S5=3,S6=1 
; . Ery Demod. I/P (BNC 7): Sine Wave 
Matrix Ratio (1) = with Amplitude=0.2V,,, & 0.7 0.95 
Freg.=3578545+5Hz ; 
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GL 3301 
symeol[ Test conpmmions | MIN. | TYP. [MAX | UNIT 


S1=1,S2=3,S3=1,S4=2,S5=3,S6=1 
Ec.y |Demod. I/P (BNC 7): Sine Wave 
Egy  |with Amplitude=0.2V,,, & 0.30 | 0.38 


PARAMETER 


Matrix Ratio (2) 


Freq.=3578545+5Hz 
S$1=3,S2=3,S3=1,S4=2,S5=3,S6=1 
Sync. In, Chroma Input: 
Burst/Chroma=100mvV,,./1 OOmV,,., 
Connect 33pF from Pin 12 to GND 
$1=3,$2=3,S3=1,S4=2,S5=3,S6=1 
Sync. In, Chroma Input: 
Burst/Chroma=1 OOmV,,.,/1 OOMV,,., 
Connect 33pF from Pin 12 to GND 
$1=1,52=3,S3=1,S4=2,S5=3, S6=1 
Sync. In, Chroma Input: 


Relative Demod. output 
Phase of R-Y to B-Y 


Relative Demod. output 
Phase of G-Y to B-Y 


Residual carrier Voltage at 
Demod. output 


S 
[Demod. O/P (Vog=13.8V) — 


Demod. O/P (Voc =10.2V)] 
13.8-10.2V 


Supply Voltage Coefficient 
of Demod. D.C. of Voltage 


Auto Flesh 
Control Center 


Auto Flesh Control Range 


Auto Flesh Control Gain 


Video Amp. Voltage Gain(1) 


Video Input: Sine Wave with Amplitude = 
0.3V,., & Freq.=0.1MHz 
$1=1,S2=3,S3=2,S4=2,S5=3 S6=1 
V23=8.9V, Video Input: Sine Wave with 
Amplitude=0.3V,_,& 

Freq.=0.1MHz 
$1=1,S2=3,S3=2,S4=2 S5=3,S6=1 
V23=8.9V, Pin 23 Open 
$1=1,S2=3,S3=2,S4=2, S5=3,S6=1 

Video O/P at f=6MHz 

Video O/P at f=0.1MHz 
$1=1,S2=3,S3=2,S4=2,S5=3, S6=1 
V23=8.9V Video Input: 


Sine Wave with Amplitude 
_p & freq. =0.1MHz 


Contrast Range of Video 
Amp. Voltage Gain (1) 


Video Amp. freq. Response 


Peaking Ratio me 


Video Amp. Voltage Gain(2) 
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GL 3301 


Test Circuit 


Killer Current 


Pedestal 
Clamp 
Contrast . 
Video 1/P Control Variable Y O/P 
TERM13 Q9 TERMI4@ GY GY TERMI5 
TERM12 


Voc 0) 33yuF 


RM. 3 €}———_o | A. 6) video /P 


S) 
203 
Color O1ue 
Control ae => 


0.22uF OVec 
Vec 
os Chroma I/P 
RM. 4@§ 
Chroma 1/P 0.01 pF 0.01 yuF 
BNC 1@————1 a Variable Y O/P 
(©) BNC4 
. E.P.A Filter eae - 
RM. 59 9.1K  $VR 5K 
1yF 
Sync. I/P . : 9 Voc 
BNC 2@)— 


A wD 
O-<—__—-63 TERM V1 
$5 


LOEe 19 


3.9K 
Bos or Blanking |/P 
39pF (0) BNC5 
ar 2K ; Video O/P 
0 V 
O cc 
1K 1K siecle 


V 
cc ~~ (O) BNC6 
1 0yF ae 4702 . soon 
0.01 uF ve 
BNC7 
27K 0.01 © 
cc > 
) TERM 10 
VR 50K 48pF 27 0pF Cs 
5.6K : 
as Fa tr - ye 
1 uF 100pF 70pF oS 
Veo © tr ar Fa a ls (R-Y) O/P 
Ss) TERM8 
VR 10K ae aon S< 
tr (G-Y) O/P 
$3 Q 
V6¢O—$——$—$———$ $$ 1 02 pts Flesh 
OFF 7177 ON 


TERM6 ate TERM7 


> «a 


= ey 


B.P.A. O/P Video O/P 
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GL3320 


VIDEO CHROMA DEFLECTIONCIRCUIT 


for Color TV Sets 


- Description 


The GL 3320 are small-sized multifunctional IC’s containing the 
‘video, chroma, deflection’”’ circuit of NTSC color TV in the 
DIP-30S of shrink type. Besides being small-sized, they have 
such features as greatly reduced number of parts and fewer 
adjustments required. The GL 3320 can be used in conjunc- 
tion with the GL 3120 for ‘VIF + SIF” use to perform all color 
TV signal processings. 

The GL 3320 containing a peak clip circuit in the video circuit 
is well suited for use in small-sized sets. 


Features 


e Small-Size Package. 
¢ Minimum Number of Parts Required. 
e Fewer Adjustment Required (Non-adjusting of Functions 
Shown Below). 
¢ Chroma VCO (APC) 
¢ Horizontal OSC (H-Hold) 
e Vertical OSC (V-Hold). 


Absolute Maximum Ratings Ta = 25°C 


Supply Voltage V1i6 14.0 V 
Supply Current loo 15.0 mA 
Power Dissipation Pd T,<65°C 1100 mW 


-—20 to+85 °C 
-55 to+125 °C 


Operating Temperature = Topr 
Storage Temperature Tstg 


Pin Configuration 


CHRON. GAIN ADJ 
VIDEO IN-1 

VIDEO GAIN ADJ. 
VIDEO IN-2 

CONTRAST ADJ. 
PEDESTAL CLAMP 
BRIGHTNESS CONTROL 
-Y OUT 

RY 

GY 

BY 

KILLER FILTER 

TINT ADJ. 

CRYSTAL CONNECTION 
APC FILTER 


1 
2 
3 
4 
a 
6 
7 
8 
9 


INPUT CHROMINANCE 

ACC FILTER 

GND 

IN. OF THE SYNC. SEPARATION BLOCK 
BGP OUTPUT 

VERTICAL SYNC. SEPARATION IN. 
RAMP GEN. FEEDBACK IN. 
VERTICAL DRIVE OUTPUT . 
+B, 

INPUT OF AFC 

AFC FILTER 

OSCILLATOR CONNECTION 

X-RAY PROTECTOR 

H-OUT 

+B 


Operating Conditions Ta = 25°C 


Supply Voltage 
Supply Current 


Operating Voltage Range 
Operating Current Range 


Vi6 12.0 V 
loo 10.0 MA 


90 to 14.0 V 
8.5 to 15.0 mA 


GL3320 


Electrical Characteristics: Ta = 25°C, Vig =12V, lo2=10mA (unless otherwise specified) 


(DEFLECTION BLOCK) 


Parameter 


Supple Current of Pin 16 | 
Horizontal Supply Voltage 
Sync. Signal Separation Input DC Level 


Symbol “Unit 


= 


oa 


Vss 
r 
[Wert Output Puse Width 


58] 


13 


_ 
wo 


fp 
© 


Gv 
Veps 
Vvps 


—_ 
o) 
Oo 


| 16.2 
Lo 
a 
a 
+ 300 + 


Vert. Blanking Pulse Peak Value 
AFC DC Loop Gain 


Hori. Free Run Frequency 


8 


Hz 


> |< 
& < 
O 


Hori. OSC Frequency Power Supply 
Voltage Change 


Afuy f4(8V) — f,4(7V) 10 
Hori. OSC Frequency Ambient | _ 5 
Termperature Variation Dependence ale) mained 


Hori. Sync Pullin Range Deviation from 15,734Hz +400 | __ 


Hori. Output Pulse Starting Voltage 


Hz/°C 


ae a 
Hori. Blanking Threshold Level De 
case 


Hori. OSC Control Sensitivity 


x |& b= 
zl ig 


Hold Down Operation Starting Input Voltage] Vip 
Hold Down No Return Supply Voltage 


~“ wo 
roa) © 
a 


Vi.DNR 


1-25 


GL3320 


(VIDEO BLOCK) 


Typ 


0 
[Bight Control Characterstix@) [BR | No Sigal Bright vR-ey | Se | 63 | 68] Vv 
es ee 


Frequency Characteristic f = SMHz/f = 100KHz — 


Dependence of Video Output Voltage on _ _ 

Supply Voltage Aeo(Vcc) | Vec=12V +1V, f=100KHz 
Dependence of Video Output Voltage ee ae hes 

on Temperature Aeo(T a) Ty, = 25°C + 35°C, f= 100KHz 
Dependence of Video Output Voltage nee p 
on Temperature AEoy/AT | No Signal, T,=25°C + 35°C 


GL3320 


(CHROMA BLOCK) 


Typ 


v 
» 
pan 
pe) 
3 
Q 
oO 
a 


| Symbol Conditions 


ACC Amplitude Characteristic(1) ACC 1 Input: + 6dB 


ACC Amplitude Characteristic(2) ACC 2 


ACC Phase Characteristic(1) ACC 01 Input: + 6dB 


ACC Phase Characteristic(2) ACC 02 
Killer Operating Point Ex Pg ee —4 
| 29 | 


Bi 
2. 


aA 


oO 


Killer Color Residual 
Residual Color 


© 
A 
= 
OD 
xe) 


55 
BYIMAK 
ate 
AG Output B-Y i 
Contrast Color Phase Characteristic Ad 
Tint Center Teen 


: +45 
Tint Control Range AT Tint VR: OV, 6V, 12V 35 


APC Pull-in Range 


Demodulation Output Ratio(1) R-Y/B-Y 


Color Difference Output Residual 
Carrier Level 


Color Difference Output Residual 
Ehar 
Harmonics Level 


Color Difference Output Voltage 


Color Difference Dutput Center 
Maximum Demodulation Output 
Color Control Phase Characteristic 


— 
(oe) 
on 


Contrast Color Amplitude Characteristic 


0.98 


> 
> 
8 


a 

co) 

< 
AS) 
Ae) 


[me 
72 | 77 | 


nn NO : 
Bl 


V9 10,11 


AB-Y(Vcc) | Veoc=12V+1V —20 


“SJ 
~ 
al< 


3 
< 


Color Difference Output Voltage Difference 


Dependence|of B-Y Demodulation 
Output on Supply Voltage 


Dependence of B-Y Demodulation 
Phase on Supply Voltage 


Dependence of Color Difference Output _ 
Voltage Difference on Supply Voltage AAV9 10,11 Veco =12V+1V 


Dependence of B-Y Demodulation oe j 
Output on Temp ALB-Y(T,) | Ta=25°C + 35°C 


f B-Y lati 
Dependence of B-Y Demodulation ALB-Y(T,) | Ty=25°C + 35°C 


Phase on Temp 
AVg 19.11(Ta)} Ta= 25°C + 35°C 


AVo1011(Ta)] Ta=25°C + 35°C 


ALB-Y(Vcc)}| Vec=12V+1V 


— 


—_ 
Oo 


Dependence of Color Difference 
Output Voltage on Temp 


Dependence of Color Difference 
Output Voltage Difference on Temp 
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-  GL3320 


Block diagram and Application Circuit 


Color VR +8 


: a 0.01 
10k 2nd 
is & 
oa | 2.24 T 
UZ 
+ 
Ti 


Ee 


a 1.6k 22p 22p 
~~ ry 


10K 7713. 
Video Tone | VR 
10u 


+H 
a3 4 - Soft 
Contrast VR Video Tone 
12k 
10k. 5 | 
Y fe | Pedestal 


Clamp 
. 4. +8 
1k v 


a Ver. 25 
a 0+B 
390k 56k 
| Ramp 2a 


j @ -- O + 
77 


—Yout © 


rh 10kK(3W) +B high 
: R-Y|9| al F (110) roe 
| ee 2 U ‘ 
Color 
om 10 Demo = a 
Bll 0.047 as 
lu 
+B By[t] 20 15k 1 56H 
+11 Color Killer 
O.1u T 330k _ +B | pokes T 500KHz 
Xray = | 
10k ion Protector ae a e 
me | 
tint VR 
3.58MHz Hor. 3.3k | (\- 
+B 4 Pre Driver 330 1s 
+  24p° ° “ 
ae 
680 7 Cl aaeeraa 2 
tu APC a $0 + B2V) 
+ 
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Test Circui 


yOLOAL 


Y3AINd 
dud “Otld 
yO) i AVY.X 


1H 
Ce 


= 
e Fe 
f \2O 
* J 6 e e * & e 
e J * ) U a e ) 


YA OO3GIA 


O NI ONAS 


"100 
SED 


SZ 
14) 


gl 
cy 


0 NI O3GIA 


NI VWWOYHO 
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GL 3401 
TV DEFLECTION SYSTEM 


Description 


GL3401 is a bipolar monolithic intergrated circuit design- 
ed TV deflection system. This IC has all functions including 
sync, separator, horizontal AFC, horizontal oscillator, X- 
radiation protector, vertical oscillator and vertical blanking 
pulse generator. 


Feature 
e Output Circult Designing Simplified 
e No Linearity Adjusting of Vertical Output 


e Horizontal OSC. Frequency Limiter: No Malfunction 


of X-Ray Protector 

e Hold-type Operation of X-Ray Protector 

-© Fewer Influence of Frost between Pins on 
Impedance Declining 


Absolute Maximum Ratings 


BLANKING OUTPUT [J 
VER. DRIVE OUTPUT [) 


N.C 

WAVE SHAPING 
VER. OSC 

VER. SIZE CONTROL 
Veev 

VER. OSC CONTROL 
N.C 


VER. TRIGGER 
SYNC. OUTPUT 


GND 


BLANKING OUTPUT 


.VER. DRIVE OUTPUT 


X-RAY PROTECTION 
N.C 


N.C 
N.C 
HOR. OUPUT 


HOR. OSC CONTROL 
AFC 

F.B.P INPUT 

N.C 

VIDEO SIGNAL INPUT 
SYNC. SAPARATION 


o ON DMD HN FF WD = 


N.C 
X-RAY PROTECTION 


Vertical Supply Voltage = Vecy 16 2V WAVE SHAPING HOR. OUTPUT 
Horizontal Supply Current Icy 25 mA ven ose Vin 

Vertical Output Current —loy 15 mA ~ 

Horizontal Output Current lop (2 yak VER. SIZE CONTROL HOR. OSC CONTROL 
Operating Temperature Topp —20%+75 °C ecw ois 

Storage Temperature Tst¢ —55~4+125 °C VER. OSC CONTROL [ F.B.P INPUT 

Power Dissipation Pp 500 mW VER. TRIGGER [] 8 VIDEO SIGNAL INPUT — 


Block Diagram 


SYNC. OUTPUT EJ] 9 


SYNC. SAPARATION 


GND LJ 10 N.C 
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GL 3401 


Electrical Characteristics (T,=25°C) 


gs PARAMETER SYMBOL} TEST CONDITIONS MIN TYP, | Max, Jun 
D | Vertical Quiescent Current —|Iocy Vecy= 12V(DC) 165 | 9.4 | 12.2 | 

C | Horizontal Supply Voltage =| Vccu locH= 15mA 
H. OSC. Frequency fou locH= 15mA 14.734 | 15.734 |16.734 | kHz 


< 


> 


a [HLOSC. Starting Vonage [Vos [SSC («dT 2 | [| 
c = 100 100 | He | 
TA. Output Saturation Vowtage |Vor yay | 


Ei 
N 


a 
N 


V. OSC. Frequency fov 
Veoy Stability of V. OSC. [Afoy _| fov=(14-4V)-foy (9-6V) 
V. OSC. Starting Voltage Vovs Voecv= 12V | — | 

Output Voltage at Pin 11 V [Standard Circuit | 8.0 | 
Pulse Width at Pin 11 


Trigger Gate Voltage locH= 15MA 0.65 
V. BlockingPulse Rising Time 


on 
N 


< 


4 
0 
AO) 


{ 
5 


0.79 


SY 
tsy 
Vet 


7 es oe oe 
tawom| (| 10 | 60 | 180_ 


V. Blocking Pulse Falling Time HS 
Blocking Output Voltage Pin 17 (5.6 k ohm) 10 | - | vi 
AFC Capture Range [oR | —SCSC~C~C~‘“C~d AS BOO | — | CH 
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GL3711 
TV TUNER 
CONTROLLER 


Description Pin Configuration 


The GL37 11 is a tuner controller IC having such functions 
as band switch, inverter, low pass filter, 33V zener. It can 
be used for frequency synthesizer or voltage synthesizer Vics [ht 161 | Veo, 
according to external application. 


BAND SW IN B| | 2 15] | BAND SwF1 


BAND SW INA| | 3 14] | BAND SWF2 
Features BAND Sw in c|_|4 13 |_| BAND Sw F3_ 
e 2-Input 5-Output Band Switch GL3711 
5 12] | BAND SWF 
¢ Band Switches of 2 Types Available by Changing Qn | | a : 
Over C Pin Voc3 33V { ] 6 11] | BAND Sw sw 
e Large Maximum Output Current and Small Satura- 
tion Voltage INVERTER IN| | 7 10] | OP AMP OUT 
¢ Meets CATV Tuner Requirements INVERTER out[ 1 8 E 
e Usable for Frequency Synthesizer or Voltage Syn- - = Or AMEN 


thesizer by Changing Connection of Inverter and 
Operational Amplifier 


Block Diagram 


Band switch 


g 

Sd 
ss 
oa 
Qe 
O 


—GL3711 


Absolute Maximum Ratings (T,=25°C) 


Absolute Maximum. Ratings (T,=25°C) 


COMMON 


BAND SWITCH 

Veo; Supply Voltage Vig 18V Power Dissipation Pp 600mW 

Vece Supply Current =|; 10mA Operating Temperature Topp —~20~+65°C 

Load Current 12 1,=6mA —60mA Storage Temperature Tost —55~+125°C 

Load Current lhaglig  1,=6mA —60mA eG 

ashs Voor =12V 

B Input Current lo 2mA : 

A Input Current i omA Absolute Maximum Ratings (T,=25°C) 

Applied Voltage (SW) V;, 35V INVERTER, OPERATIONAL AMPLIFIER 

Applied Voltage V - 

iocied ti va hy Vecs Supply Current I, 8mMA 
Applied Voltage Ve 35V 
Load Current Ip SmA 
Input Voltage V7 | 8V 
Input Current l, 1mA 


Electrical Characteristics: T,=25°C 


BAND SWITCH 
Parameter Symbol 


Quiescent Current 


Output Saturation Voltage 
Output Saturation Voltage 


Input Threshold Voltage 


Output Leak Current 


Input Voltage Vo Veco-1 V 


CONDITIONS | Min | Typ | Max 


Voc= 12V (V; ; Vie) 


Vec= Tey (V6) 
F =6mA 
lepinwea= —60mA 


Voc=1 2V (Vie) 

l, =6mA 

l,=25mA 
Voc=18V (Vig) 

|, =6mA, |,=25mA 
ley ~wF4— —60mA 

Voc =18V(Vi6) 

|, =6mA, 1,,=25mA 


GL3711 


Electrical Characteristics: T,=25°C 


INVERTER, OPERATIONAL AMPLIFIER, ZENER 


; 


ssc 
ssc 
cs 
cs 
ewere 


eo ok 


*Z: High Impedance State 
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GL3711 


Application Circuit 


VOLTAGE SYNTHESIZER (f=500Hz) 


0117V 


we 33V 


Zener 
V/S Tuner 
IC 390k 150k 150k 150k 
ij : re Te) 


FREQUENCY SYNTHESIZER (fr=1kHz) 


J 117V 
15k 


Tuner 


10k 2.2k 


PLL P/D 


68k 0.474 


GL3812 
AUDIO/VIDEO 
SWITCH FOR TV, VCR 


Functions Pin Configuration 


e Audio Signal Switching 
e Video Signal Switching 
e Input Signal Selecting Logic . AUDIO-IN, LCH(V1) [| 


221 | AUDIO-IN, LCH(TV) 
AUDIO-IN LCH(V2) [| 21] | AUDIO-IN RCH(TV) 
Features AUDIO-IN LCH(V3) [| 207 fy 


© Possible to Switch 4 Channel Video Signals AUDIO-IN, RCH(V1) [_ 
¢ Possible to Switch 4 Channel L & R Audio Signals aypioun RcHv2) [7 


4 197 | VIDEO-IN (TV) 
18 [] AUDIO-OUT LCH 


AUDIO-IN RCH(V3) [_! 


7 17 : 
Absoulte Maximum Ratings (T,=25°C) 6 GL3812 — J AUDIO-OUT RCH 


VIDEO-IN (V1) [| 167 | VIDEO-OUT 


Supply Voltage : veg 15V Vee 15 L_} MODE-OUT TV/LOW 
CC2 

Power Dissipation Pp 310mWw VIDEO-IN (V2) L 14 |_] MODE-OUT, V3/HIGH 

Operating Temperature Topr —20 to +10°C GNp [7 10 13 [7] MobE-IN (C1) 

Storage Temperature Tstg —~55 to +125°C 

SS MODE-IN (CO) L, 12 [J VIDEO-IN (V3) 


Mode Selection Logic/Output Signal 


efefu fe VIDEO (TV) 
VEO (v [ALD AUDIO 
VIDEO (V2) 
VIDED tv *UDIO JALDIO. 
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Block Diagram 


HOY ‘LNO-OIGNV 


HOT’ LNO-OIGNV 


(19) NI-SGOW 


(09) NI-3GOW 


LINO OAGIA 


@ 


¥344Nd 
¥345ng 


JOVAYALNI 
NI-3GOW 


4300030 


OzX 8) 


ZOD A LOD A 


ONS 


(HOY) dV 
o1anv 
(HO) dwv 
oiany 


¥344Ng 


¥344Ns 


¥344NG 


MOTVAL HDIH/A 


HOLIMS 
O3GIA 


TIL 


TTT 


TT TT 


AL ‘NI-Olanv 
£A ‘N-OIGNY 
2A ‘NI-OIGNY 
‘A ‘NI-OIGNY 


AL ‘NI-Olagnv 
£A ‘NI-OIONY 
“A ‘NI-OIanv 
‘A ‘NI-OIGNV 


AL ‘NI-OSQIA 
fA ‘NI-OAGIA 
2A ‘NI-OAGIA 
‘A ‘NI-OAGIA 


HOW 


HO1 
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Electrical Characteristics: T,=25°C, Vog=12V 


PARAMETER SYMBOL CONDITIONS 


Ay 
Dy 
Voc =12V+1 Vp-p 


Sine wave (50Hz/60Hz) 
Video Channel Input Impedance 


Video Channel Crosstalk CTy f=3.58 MHZ, Viy=1Vpp 


Audio Channel Bandwidth Fa | —3dB frequency 
Audio Signal Voltage Gain f=1 kHz, Viy=0.5Vp., 


Audio Signal f=1 kHz 
Input Dynamic Range THD < 1% 


. Veco =12V4+1V,. 
Audio Channel PSRR PS, eno wave (50Hz/60Hz) 


Audio Channel Input Impedance 


Audio Channel Crosstalk 
Audio Channel S/N 


Input Mode Selection 
Threshold Voltage 


PIN14 (V3/H) j TV or V; or V> 
Low Level Voltage a 1 mode selection 
PIN 14 (V3/H) | . 
PIN 15 (TV/L) : 
Low Level Voltage TV mode selection 


V, or Vo or V3 
1 mode selection 


A 


NO 


6 


oO 
oO 


GL3812 


Pin Description 


1 oe oe 


AUDIO-IN (L,) 


Explanation 


Input of L-Ch Audio Signal 
for Video (V,). 


MODE-IN (C1) Inout for Mode 


Selection. 


AUDIO-IN (Lo) Input of L-Ch Audio Signal 


for Video (V5). 


Output Voltage of this Pin 
Becomes High State, 
Only when V3 is Selected. 
Else Low State. 

Output Voltage of this Pin 
Becomes Low State, Only 


when TV is Selected. 
Else High State. 


Output of Selected Video 
Signal. 

Output of Selected R-CH 
Audio Signal. 


MODE-OUT (V3/H) 


AUDIO-IN (L3) Input of L-Ch Audio Signal 


for Video (V3). 


MODE-OUT (TV/L) 


AUDIO-IN (R;) Input of R-Ch Audio Signal 


for Video (V;). 


AUDIO-IN (Ro) Input of R-Ch Audio Signal VIDEO-OUT 


for Video (V5). 


AUDIO - OUT(R) 


AUDIO-IN (R3) Input of R-Ch Audio Signal 


for Video (V3). 


AUDIO-OUT (L) Output of Selected L-CH 


Audio Signal. 


VIDEO-IN (V,) Input of V Video Signal. 


Power Supply for Video 
and Logic Block. 


Input of TV Video Signal. 


Voct VIDEO-IN (TV) 


Power Supply for Audio 
Block. 


Voce2 


VIDEO-IN (V2) 


Input of V_ Video Signal, 


GND AUDIO-IN (R-TV) | Input of R-CH Audio 


Signal for Video (TV). 


Input for Mode 
Selection. 


MODE-IN (CO) 


AUDIO-!IN (L-TV) | Input of L-CH Audio 


Signal for Video (TV). 


VIDEO-IN (V3) Input of V Video Signal, 
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Test Circuit 


SZ yse 
A0S/4" a 
; sO 
gy 
JAVM SNIS 
SZ S ysce 
7HO9/0S A Ay HOT 
NI IVNDIS O1GNY 
os 
AOG/S"L x 

+ 


OS os 


[ i! ——==— 
deal ' Sahl GC) O00 


AOS/4"'1 


nt ane 4A—oppo | = 


ML y © 
ZX 001 LeaOt 
L e e e e ) 


. e 
e 


OD HOY 
ae NI IWNOIS O1GN 
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Application Circuit 


1M 


1M 


1M 


1M 


1M 


75 


75 


35K 


35K 


35K 


35K 


35K 


35K 


1 uF 
aa 


GL3812 


OOO) -©)-2)-& 


* In case of not using Pin 14 or 15, Connect to Ground. 
In case of not using pin 11, Connect to Vec. 
In case of not using pin 13, Connect to Ground. 


1M 


75 


75 
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GL3813 


BILINGUAL SIGNAL PROCESSOR 
(KOREAN TWO-CARRIER TV SYSTEM) 


Description 


GL3813 is an Integrated Circuit for processing the signals 
related with a multivoice system in TV sets, and incor- 
porates all the functions required for processing multivoice 
signals. 


Features 


integrated Matrix and Identification Signal 
Discrimination 

Good Characteristic of Identification Signal 
Discrimination in Weak Field 

Good Characteristic of Stereo Separation and 
Crosstalk in Matrix 

Automatic Mode Change-Over in a Broadcasting 
Status Change 

Possible to interface with p-Processor for Mode 
Selection 

LED Direct Drive 


Block Diagram 


SCHMITT 
TRIG 


a 
a 
MUTE PULSE 
GEN 


Eye} 09 


1-42 


Pin Configuration 


DUAL DET O/P 
VCO I/P 

LOOP FILTER 

PLL I/P 

AM DETECTION O/P 
AM DET COIL 

AM DET COIL 

AM DETECTION |/P 
INJECTOR LINE 

Voc 

SUB CH. SOUND 1I/P 
MAIN CH. SOUND I/P 


MODE SEL. I/P 
MODE SEL. I/P 
LEFT SOUND O/P 


dh 


2 
3 
4 
5 
6 
‘4 
8 
9 


DPCS 

STEREO DET O/P 
VCO I/P 

LOOP FILTER 
TCMM 

TCPO 


GND 
MODE SEL O/P 
(MAIN/SUB, STEREO) 


MODE SEL O/P 
(MAIN, MONO) 


MODE SEL O/P (SUB) 


MUTING PULSE O/P 


COMPARATOR 
O/P (DUAL) 


COMPARATOR O/P 
(ST.) 
GND (MATRIX) 


RIGHT SOUND O/P. 


Absolute Maximum Ratings (T,=25°C) 


GL3813 


Supply Voltage Voc : 14 V 
Allowable Power Consumption Pp 570 mW 
Operating Temperature Topr —20 to 70 °C 
Storage Temperature Tst¢ —40 to 125 °C 
LED Drive Current ILED 20 mA 
Muting Pulse Saturation Current IMP 2.0 mA 


Electrical Characteristics: T,=25°C,V,,.=12V (unless otherwise specified) 


SYMBOL TEST CONDITIONS 


PARAMETER 


| Min | typ | Max | UNIT | 
oof fel + 
“[=[=[= 
SEI 


Supply Voltage 


Quiescent Current 


Pin DC Voltage 


NO 
ro) 


Pin DC Voltage 
Pin DC Voltage 
Pin DC Voltage 
Pin DC Voltage 


Pin DC Voltage 


Go cal NO 
— A) oO 
- aad nm 
A) ©o on 


Matrix Gain =250MVins 1 kHz 


aE 


Matrix Input Impedance V;=250MV ms, 1kKHz 


oO 
A 
a 


Matrix Output Impedance Vo=250MV,n5, 1 KHz 


ak 
o) 
.o) 
NO 
oO 
o>) 
a 


Matrix Input 
Dynamic Range 


w) 
= 
4 
*) nm — 
ro) fer) 
Oo ( 
anh, 
oO 
on 
8 : 


Total Harmonic Distortion THD V\=250MV ng, 1 KHZ 


Hum Rejection Ratio HRR Vec=50mVp.p, 60Hz 


<< 
U0 U 
—h hk 
nm — 


Crosstalk, Main-~Sub and 


Sub—>Main Vi=250MVims, 1KHzZ 
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Electrical Characteristics: T,=25°C 
PARAMETER SYMBOL | CONDITION | MIN | TYP | MAX— UNIT 


Muting Pulse Saturation _ 
Muting Pluse Width 400 120 
Muting Pluse Width 
| 700 msec 
(Power On) tw |__| 800] 700 | 900 | mace 
LED Drive Saturation | 
State Input Threshold L>H 

VTH1 V 
Voltage H>L 


Mode Selection Input 
Threshold Voltage 


Mode Selection Input 
Threshold Voltage 


AM DET Input Impedance 


_AM DET Output Impedande 
AM DET Input Level 


AM Detection 
Output Level 


PLL AMP Input Impedance 
PLL Capure Range 
PLL Lock Range 


< 


~ 


iAM . 
Vi=15mV,.p, f¢=55.069KHz | 


iPLL 
Vi=50mV., | 40 | 50 | 60 | Hz | 
2Af, | Vi=5OmvV,,,, | 45 | 55 | 65 | Hz | 


f=149.8, 276Hz 
Vi Level Up 


f=149.8, 276Hz 
Vi Level Down 


Pin1 =10V, Tppcs=10mSec 
Pini =1 OV, Tppcs= 10msec 
Pini =1 OV, Vopcs= 1 w2Vv 


PLL Discriminating Level iPLL(u) 


PLL Discriminating Level ViPLL(D) 


DPCS ON Level 
DPCS OFF Level 
DPCS ON Time 


Vppcsion) 
VpPcs(oFF) 
Tppcs 
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Logic Table 


COMPARATOR O/P 
(BROADCASTING MODE SELECTION |/P MODE SELECTION O/P MATRIX STATUS 
STATUS) 


Pini9 —-Pin18 Pin14 Pin13 Pin23 Pin22 Pint | 
H H Serial pulse |/P Vec H L H 
(Mono) : (Not changed) . 
H L Serial pulse |/P Vcc H 
(Stereo) | 


Stereo* 
Mono 
Main* 


Sub 
Main-Sub 


L H Serial pulse |/P Vcc 
(Dual) 


X X 
X H 
X H 
X L 


* Initial mode for the broadcasting status change 
Comments: Comparator O/P never becomes L, L. 


Mono or Main 
Sub 

Main-Sub 
Stereo 


ree a2 ee 
fer pear ir 
Lak Paper Lit = 


I 


Logic Table Supplement 


Pin19 Pin18 Pint4 = Pin13 Pin23. Pin22_—s~Pin21 Melit statue 
Left Right 


H L 


or 2 kr tf 


cre 


a Le ee 


ee i a ae 
Pe Leer aes 


CH1 CH1 
CH1+CH2 CH1—-CH2 

CH2 CH1—CH2 

DC CH1 


eS 
a 
ak. FL 


* Channel 1: Main Chainnel (Composite Sound I/P) 
Channel 2: Sub Channel (Composite Sound 1|/P) 
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Logic Time Chart 


1. When ID signal status is changed 


ID signal status X 


| 100msec | 


Matrix status f 
| 


2. In using Serial I/P in Mode Selection a ie 
Serial |/P* 


Audio Muting pulse . 
| 400msec | 
te 


Matrix status i 


3. Power ON 


Audio Muting pulse 
700msec | 


eer 


1 { 
Mode selection O/P 


* e IF ID SIGNAL STATUS IS MONO, NOT OPERATES 
e IN PARALLEL I/P, AUDIO MUTING PULSE IS NOT 
GENERATED 
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Pin Description 
[wo | NAME | ~_‘Explanation —_ 


Dual Detection O/P 


276 


VCO I/P 


Loop Filter 

AM Detection O/P 
PLL I/P 

AM Detector Coil 


AM Detection 1/P 


Injector Line 


Voc 


Composite Sound I/P 


Mode Selection I/F 


Sound O/P 


Pin for tuning Coil 


If ID signal O/P is 
Hz, pin 1 DC 
voltage becomes 
above 4V 
Pin for the oscilla- 
tion of VCO. 
(276 X4Hz) 


Pin for the loop 
filter of PLL 


Input Terminal for 
PLL AMP 


Output terminal 
for AM Detector 


of AM Detector 


Input terminal for 
Pre-AMP of AM 
Dectector 

Pin of [?L injector 
current 


Pin 11: Sub chan- 
nel sound |/P 
Pin 12: Main 
channel 
sound |/P 


1) Parallel I/P pin 
for the change- 
over of Mono 
(Main)/Stereo/ 
Sub/ Main-Sub 
forcibly 

2) If pint 3=V¢o: 
Pin 14 
becomes serial 
I/P for the 
change-over of 
Stereo/Mono 
and 

Main/Sub/Main- 

Sub. 


Pin 15: Left 
Sound O/P 

16: Right Sound 
O/P 


21,22,23 


Cee [ wane [Sinton 


GND 1 


Comparator O/P 


Muting Pulse O/P 


Mode Selection O/P 


Loop Filter 


VCO I/P 


Stereo Detection 
O/P 


DPCS (Discharging 
pin for channel 
switching) 


GL3813 


Ground for only 
Matrix block 


Indicates the state 
of broad-casting. 
(Possible to drive 
LED) 


Generates the 
sound muting 
pulse in case of 
power on and 
mode change 


Indicates the . 
states of mode 
selection. (Possi- 
ble to drive LED) 


Ground 


Pin for setting the 
time constant of 
Muting pulse 
Generator in 
Power-on. 


Pin for setting the 
time constant of 
Muting pulse 
Generator in 
Matrix 
change-over 


Pin for the loop 
filter of PLL 


Pin for the oscilla- 
tion of VCO 
(149.8X4Hz) 


if ID signal O/P is 
150Hz, pin 29 
DC Voltage 
becoms above 4V 


Pin for discharg- 
ing pin1 and 
pin29 when chan- 
nel is changed 
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Adjustment 


1. Q signal tank circuit 


GL3813 


sc ( ) . Ar 473 


5 


Set SG to f=55.069kHz, SOMV,,.p. 
And adjust L of Q signal tank circuit (Pin6, 7) so that DC voltage at node A is maximized. 


2. VCO free-running frequency 


Connect a counter to pin28 of the GL3813 with 10:1 probe at the state where no input is applied to pin8 or 
pin4. 


Adjust 4.7kB(pin 28) to obtain 599Hz (149.8X4Hz). 
In like manner, connect a counter to pin 2 and adjust to obtain 1104Hz (276 X4Hz). 


Vec e 


1 our] 1 os] 


GL3813 
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GL3820 
VIDEO SWITCH 


Description Pin Configuration 
This integrated circuit provides all video switching al- 
lowing connections between the peri TV plug and video GND a 
sections in the TV set. 


EXTERNAL 
VIDEO INPUT 


750) V 
Features VIDEO OUTPUT S = 
e 1 Video Output 750-1 Vpp No Switched SEENAE SWITCHED 
@ 1 Switched Video Output 2 Vpp | VIDEO INPUT Ey | VIDEO OUTPUT 
e Video Cross Talk : 50 dB Typical ey eqaneeG 
e Short Circuit Protection of Inputs and Outputs NG INPUT 


e Clamped Video Inputs 


Maximum Ratings | 
RATING SYMBOL VALUE UNIT 


Supply Voltage Vec 18 | V 
Operating Temperature Topr | °C 
with Load > 1500 -10to + 100 
with Load = 75 Q -10to + 70 
Junction Temperature Tj —40 to + 150 °C 
Storage Temperature Tstg -40 to + 150 °C 
Minimum DC Load Resistor Pg | 600 D) 
Minimum DC Load Resistor P2 75 Q) 


Typical Application and Test Circuit 


Switching Input 
Vec .Oornoconnected = video TV 
v? . > 7V = external video 
| aa 10 kQ 
7 (5) 
External Gee jeseedessee : 
Video A | 
Input af ! 
1V | 
pp Ref. ! 
Phek 5 (low | 5 ) Jk 
wigas impedance) 5 (6) Video 
) | 2 Vpp 
coming | 
from | (~) 
TV S | oo : onet 6000 
Ge 4 
Video 1 V ) 
ideo pp eee 
750 750 


Note : We advice to protect the 75 (2) output through a 75 1) resistor for supply voltage upper than 9 V. 
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Electrical Characteristics : Ta = + 25°C, VCC = 9 V (unless otherwise noted) 


Omaacrenismc «Baca wn | TP | Wax [ONT 

Ee 

ce | || | ma 
T= [0 


Total Power Dissipation with Load 


lee 


Internal Video Input Swing from PIF (positive video) 


Internal Video Input Impedance (positive video) P| 50 - ee kD 


Internal Video Input Bias Current (positive video) 


External Video Input Swing (positive video) 


External Video Input Impedance (positive video) F - | so) - | = | ko 


Switched Video Output Dynamic Impedance Poe fe f= | 2 | ae 
Switched Video DC Output Voltage (sync. pulse level, note) (600 (?) po. [az] 2 | 2a tov | 


V 
Switched Video Band Width (- 1 dB) a ee 


Switched Video Output Gain 
Pin 6 - Pin 8 (gain with 600 ( load) 25 26 | az 
Pin 6 - Pin 3 (gain with 600 2) load) -1 | -0.5 0 


External Video Output Swing (with 75 Q load) fe | 2 1 oe ee | 
External Video Dynamic Output Impedance | - | - | wm] - | a | 
External Video DC Output Voltage (sync. pulse level, note) (75 ()) po - | a7 fo 2 | 24 | ove 
External Video Output Gain (pin 2 - pin 3 gain with 75 () load) p= | -18]) -1 | -04 | @B | 
po | + | 3 


Switching Input Unactive Low Level or Unconnected Pin (TV receiving) 


Switching Input Active Level (ext. receiving) 


Switching Input Impedance 


Video Rejection between Two Inputs 
0 to 5 MHz 
1 kHz 


Differential Group Delay 


Linearity Distortion 
Luma 


Chroma 


Intermodulation Luma - Chroma 


Note : Use a video signal with a synchro pulse in order to make the clamp work in a correct way(75 (0 to the ground 
and 10 wF in series). 
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GL3130 


VIF+SIF CIRCUIT For TV Sets, VTR’s 


Description 


The GL31 30 is an IC containing the VIF and SIF ona single 
chip in the 2O0DIPS package of shrink type. The use of the 
small-sized package serves to make VCR Tuner units 
smaller. 


Features 

¢ High Gain VIF Amp Requiring No Preamp 

e Possible to Mute Video and Sound for VCR 

e Good to Make Tuner Small by Small Sized Package 
and Reduced External Parts. 


Absolute Maximum Ratings (T,=25°C) 


Power Supply Voc 14 V 
Pin 16 Out Current lag 5 mA 
Pin 20 Supply Voltage Vao Voc V 

Power Dissipation Py Py. Ww 
Operating Temperature Topp —20~70 °C 
Storage Temperature Tst¢ —55~125 °C 


Block Diagram 


FM Coil or Ceramic 
discriminator 


RF AGC Output 10} 


Pin Configuration 


FM Coil or ceramic 20 |_| Bypass 


discriminator 


a 


199 | SIF input 
18 [_J GND 

17 F] Vee 

16 L_| Video output 


15 | J AFT output 


\ LLD coll 


12 4 J AFT coil 


Bypass |_| 
RF ACG VR] | 


RF AGC output L910 11] AFT OUTPUT 


Bypass 


SIF input 


Video output 


AFT Output 


LLD Coil 


AFT Coil 


AFT Output 


2-3 


Electrical Characteristics: Ta=25°C, Voc=12V, fp=58.75MHz, fs=54.25MHz(VIF), fo=4.5MHz (SIF) 


Nios numa ae Voleae ion as |e] 02 
Quiescent Video 
SW1>ON 5.1 6.1 6.5 
Quescent AFT 
, SW1—>OFF 4.5 6.5 75 
Internal AGC 
Input Sensitivity V; 400Hz, 40% 30 36 42 dBu 
S,—>OFF 
V,=1.5V 
AGC Range GR 4 57 64 
: pen So? ON per fee] | 
p Input V ON 100 | 200 i V 
Maximum Permitting Input - m 
oe oe 15KHz, 78% ~ 


S57ON 
Internal AGC 
15KHg, 78% 10mVrms 


Sync. Signal Edge Level V FemcLAGC 3.4 

ne. olgna e Leve : nterna 2 

: : ss Hale V;=10mVrms 
S5—>ON 

Output S/N S/N internal AGC 48 | 54 
Vi=10mVrms 


a 

ca | 
on 
E 
ba | 
7 
a 

< [3 


< 


<< 


Video output Amplitude Vovvideo) 


8 
a 


So?ON 
External AGC 
15KHz, 78% 10mVrms 


S5?ON 
Maximum AFT V | + LAGC 11.0 11.4 
Output Voltage fp=45,7541.5MHz 
, Vi=10mVrms 
Minimum AFT S,~ON, Internal AGC 0.5 1.0 
fp=45.75+1.5MHz 


Carrier Rejection 


= 
2 
oO 
a 
oh, 
Go 
BERG 


| 
< 
< |: |<] < < 
T 
N 


Output Voltage +4. 
V;=10mVrms, S.>ON 

AFT Det. Sensitivity S; Internal AGC 110 
fp=45.75+1.5MHz 

os ies S2>ON 

White Noise Thereshold Level VWTH V4=4.5V 6.4 72 

fp=45.75+1.5MHz 
S27ON 

White Noise Clamp Level Vwet V4=4.5V 4.2 4.6 

fp=45.75+1.5MHz : 
So?ON 

Black Noise Thereshold Level VBTH V4=4.5V 2.1 2.4 Caaf 

fp=45.75+1.5MHz 
S2>ON | 

Black Noise Clamp Level VBCL. V4=4.5V 3.8 4.2 4.6 

fp=45.75+1.5MHz . 
So?ON, Internal AGC 

SIF Output Signal Voltage Voisir) 45.75MHz : 10mVrms 140 | 210 |mVrms 

42.25 MHz : 1mVrms 
S»?ON, Internal AGC 

Frequency Characteristic fo 45.75MHz : 10mVrms -s rs 

45.65V35MHz : 2mVrms 


V 
V 


MHz 


ir 
a 


GL3130 


Electrical Characteristics: T,=25°C | 


So? ON, Internal AGC 
Differential Gain DG 45.75MHz, APL 50% 3 
87.5%, —27dBm 
S,7ON, Internal AGC 
Differential Phase 45.75MHz, APL 50% 3 
87.5%, —27dBm | 
SIF Limiting Voltage THD V 1 SMHD. 400H 200 | 500 | pV 
imiting Voltage ; rae z uVrms 
‘salts mm Af=+25KHz 
FM Det. Output Voltage Vo(DET) 4.5MHz, 400Hz 450 680 850 |mVrms 
Af=+25KHz, 100mVrms 
FM DET Output Distorlion THD pe) 4.5MHz, 400Hz 1.3 % 
Af=+25KHz, 100mVrms 
 VW4=4.5V 
AM Rejection Ratio AMR 4.5MHz, 400Hz 50 
30% ,100mVrms 
Noise Output Voltage VN V4=4.5V a 
SON 
Pin 4 Mute Starting Voltage Via) V,=4.5V 0.7 
. | 60 


Max Unit 


—| 
< 
O 


2 


x 


oO 
on 


o 
on 


< 
— 
12) 


3 ON, V4=4.5V 
Pin 20 Mute Attenuation ATTM(20) 4.5 MHz, 4 


Af=+25KHz, 50mVrms 


pas 
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Test Circuits 


CA13 
0.01 


0.01 AFT 
DEFEAT IN 


SIF IN 


CA14 
0.01 


42] RA10 
3.9K 


82K 0.01 | OUT 


=H] Eva Ee 
DDD) FD) DD) AF 


6 
CA1 + RA2S RAB CA4 CAS RAG We CAG RF 
27P T 270< 5.6K 0.01 es | 10, AGC OUT 
CA3 
RF AGC VR 


RA1 CA2 
1p 
680 Cd il sie 
| 50 


TP4 
s) FM DET = MANUAL ol 
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Application Circuit 


O Vee 
0.01, 
O VIDEO OUT 
4.5M 
cermaic FILTER 
i ® ail 
AFT 
DEFEAT SW 
J AFT OUT 
0.01p 
0.04, 82K il 
wr 
el fol fa ha] fs 7] 
GL3130 
] nEoeo neo 
® UT 
ay ; RF AGC O 
27P —=— 270 + 10K Wr. 10u 
me 0.01, a 
Ty 
680 ae J q 0.001, : 
0.015 MUTE 
| ig SW a 0.6844 RF AGC 
VR 
CERMAIC pang a“ 
DISCRIMINATOR 
A 0.41yH 
C) VIF INPUT 
AUDIO OUT . (From Tuner) 
1K 
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GL3615 


VCR AUDIO 
PLAY/RECORD AMP 


Function Pin Configuration 

e PB Amp, Line Amp, REC Amp, ALC Amp with 
detector inside 

e REC/EE, PB/EE, line mute control circuit 


| LINE (PB) INL} 1 18[_JLINE IN 

Features ah 
e Low Power Consumption PB OUTLS 2 PPS PBIEE Gint 
e Little External Components PBNFBL _] 3 161_J LINE NFB 
e Excellent S/N, THD Characteristic due to High-Level ean Ld isl laeenien 

ALC VR . 
e Little Power ON-OFF Noise Vec/2 BIASL]J 5 GL3615 14} JALc LEVEL 
e Little Shock Noise when Mode Swiches VeclJ 6 13[_]BiAS 


e Noise Immune REC Amp due to Line Buffer Am 
P P REC OuTL_] 7 121 Janp 


Absolute Maximum Ratings (T,=25°C) REC NFBL_] 8 11} J LINE OUT 


REC/EE CTRLL_] 9 10 |_JMUTE CTRL 


Supply Voltage Voc 13 V 
Power Dissipation Py 600 mV 
Operating Temperature Topp —-10~%65 °C 
Storage Temperature Tstg —55%125 °C 


Block Diagram 


LINE IN PB/EE NFB Filter LEVEL 1/2 Veg GND LINE OUT MUTE 


LT tte?) td 


7 
y, 
é a 
e 
XK ~ MODE sw 
\ 


EE. AFR, PB, REC 


LINE(PB)IN PB OUT NFB PB IN 112 Vog - REC OUT NFB REC/EE 


| 


Electrical Characteristics: T,=25°C, Voc=5V, f=1kHz 
PARAMETER SYMBOL CONDITION 


Operation Voltage | Vo 
Quiescent Current lo 


40 | 62 | ma 
ALC off, Viy=—25dBm 14.5 | 17.5 | 20.5 | 8 


ALC off, Vo>=OdBm 


C 
| 
| Noise in EE mode VNOL Rg=5.6k2, DIN Audio 


REC mode Total Gain Gyr 


REC mode Open Loop Gain Gvor 


THD=1% 


G 
< 
a 

il 
” 


Vin =10dBm 


— 
: 
oO 
a 
5 —_ 
NO 
a 


ALC off 


Vo=0dBm i 0.064 “ 


REC mode THD THDp 


PB Amp Open Loop Gain Gvoe 


s~J 
On 
00 
o) 
fo) 
G0 
A) 
on 


PB Amp THD THD, Vo=0dBm . 0.016] 0.2 
eee | R= 620k2, laine | [-r22| 114] av 


V 
to Input ae 


~] 
El 


GL3615 


Pin Description 


Explanations Explanations 


| 
LINE(PB) IN Playback Mode, Line Amp MUTE CTRL | Mute Input 
| Input LINE OUT LINE AMP Output 


PB OUT Playback EQ Amp Output | GND Ground Pin 


PB NFB SP/LP/EP Mode Feeback Buffered Bias | ALC Level Adj. Output 
PB IN PB Head Signal Input ALC LEVEL | ALC V,¢ Bias pin 


Voc/2 Bias 1/2Vec, Bias Filter Voairms)=LV Bias ~ Vrerl/V 2 


ALC FILTER | ALC Attack Time Set 
Recovery Time 


LINE LFB Line Amp Feedback 
PB/EE CTRL |PB/EE Mode Input 
LINE IN Tuner, Aux, Input ; 


ee Voc 

REC OUT REC Amp Output 
REC NFB REC Amp Feedback 
REC/EE CTRL REC/EE Mode Input 


o ON OO oO FF W DN 


CONTROL MODE TABLE 


REC 
REC 
ts 


H 


5KQ 
CTRL IN Threshold Voltage V7 of the CTRL Terminal is 4 V-(+2.5V) 
PB/EE, REC/EE CTRL needs Time Constant Circuit (68KQ, 1 pF) 
MUTE CTRL may not need 68 KQ resistor when Vgc is higher 
than CTRL Voltage. 


GL3615 


Test Circuit 


LINE OUT 
C ) 13 
Vec 
GND 
SW5 —_— Voc 
A) SW6 “ = © wa 
7 GND 
10K 
—=_ a andl @ pa 
S = reiIM) = = GND 
5.6K] | uF 22K 68K 
® | 4" 
+4 1pyF * 


LINE IN 


14 #13°~«12 


GL3615 ? 
68K 


3 5 
nve Lae re | @ Sw3 


100K 22K + 
1 pF ; 
tue f+ WF y O.0THF J 4 IuFIY 63S f+ i+ + 
‘ uf a : ly pF = —y 
33yuF 
os 22kKk 4 
220¢ & sw2 
) 
A 620 
20dB ATT oes 
10K a. 10K = © 
Swi 3 
ae 
ae iL = 
= a. 
oO 
Oo 
A) Ig 
OC Or O Or 
V 
PB OUT PB IN o REC OUT 
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Application Circuit 


ALC ATTACK, RECOVERY TIME SET 


LINE 
out OU 
PB/EE CTRL 
ee ee ee ee 1 * 
LINE 56K 
NO 7 | ALC OFF MUTE CTRL 
(—21dBm) l 68K (MANU REC) 
r | = vo 1 
5.6K : i] J ALC LeveL | FIN 
L__}__}1000P] _ | eae 47uF] byt} | 7348 cc=8v), sok 
LINE INPUT ATT uF | 
ALC ATT 


1 pF ‘s anes 


2K o 
PB EQUALIZER > +. 
tur 7% a 33 uF | 
my, 
PB LEVEL ADI———B jon} | | peo TE, 
lim 150 | 
680 | 
3.9mH 
0.033yuF 
| 0.033yF 


BIAS FILTER 
LINE MUTING 


REC EQUALIZER 


GL3667 


VCR FINE SLOW-STILL 
MOTION CONTROL 


Description 


GL3667 is a Monolithic IC designed for VCR Motion Con- 
trol. In operation, Capstan Motor is Controlled according 
to the PB CTL pulse with the time delay adjusted by exter- 
nal resistors and capacitors. 

In addition, this IC contains compensation circuit for Head- 
Drum Noise Reduction. 


Features 


e Time Delay is Controlled by the External Resistor 
and Capacitor 

e Built-in Reset Circuit with no CTL Signal Input 

e Fine Still, Fine Slow, Frame Advance 

¢ Compensation Circuit for Head Drum Noise 
Reduction 


Block Diagram 


Pin Configuration 


Slow Inf #1 188 F Voc 


Still In [2 171. | Sw30 


Still MM.[ 93 161 | Start Delay M.M 


Reverse Out | 94 151] Start/Stop Out 


Braking M.M[_§5 GL3667 ‘4 | } Motor Start Pulse M.M 


Tracking M.M L_#6 13[L_} Fine Slow Speed M.M 


Control In t_}7 12] Reset Pulse M.M 
Disc Out L_J8 111] ACC Delay M.M 


GND[L_ 99 10] Disc ACC M.M 


Absolute Maximum Ratings (T,=25°C) 


Supply Voltage Voc 13 V 

Power Dissipation Pp 550 mW 
Operating Temperature Top,y —25 75 °C 
Storage Temperature Tstg —595 125 “G 


Electrical Characteristics: T,=25°C, Voc=9V 


SYMBOL CONDITION | MIN | TYP | MAX 


PARAMETER 


wij 
+ 
m 
op) 
+ 
A 
+ 
—s 
NO 


Quiescent Current 


DC Voltage Level 


M.M Stand-by Voltage Véo3 


Vmo12 TEST CKT 
M.M Threshold Level VrH3 TEST CKT 
M.M Threshold Level VrHs TEST CKT 


M.M Threshold Level TEST CKT ) 42 | 45 | 48) 
M.M Threshold Level TEST CKT 42} 4s | 48, 


M.M Stand-by Voltage 


ad 
on 
Oo 
=~! 


el ae aan 

—~ | ® 

| ae an oe 
fo) oO 

BAS 

~J 


££ 


M.M Threshold Level VrH11 TEST CKT 


M.M Threshold Level 


M.M Threshold Level VrH13 


< 
4 
= 
i) 
<j 
m 
wn 
4 
\ 
A 
=| 
ae eae ews 
© NO N 


CTL Input Sensitivity Vip 120 200 270 


Input Threshold V1 VrH4 TEST. CKTE 


Input Threshold V2 TEST CKT 
DISC OUT ‘‘H” 


restore |e | — 


- $/S Out Put “L” TEST CKT 


SW30 Threshold Level TEST CKT | 


M.M Threshold Level 


BS 
Ww 
on 
i 
Co 


e 
L 
i 
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+ 
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” 

—4 

A 

+ 
Ww i 
oO or 

oO w 
on ne) 
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Timing Diagram 


NO 
OPERATION 


TEST CONDITION TEST PIN TIMING DIAGRAM REMARKS 


PIN1 LOW ALL M.iM 
PIN2 LOW Rest 


Pint High 1 — - — 
Pin7 CTL In ‘4 = ae a 

| Pin17 SW30 17 ee le Le, |) Toms 
Start Delay M.M 16 ns a ee 
F.S. Speed M.M 13 a 
Motor Start Pluse M.M $$ 14,___ 

SLOW MODE ACC Delay M.M or  —— 

| DISC Acc. M.M et 

S/S Out Iu | 
Tracking M.M aS as 
Brake M.M a 
REV Out i 
DISC Out cece Voeseencies 
Reset M.M 


Pini Low 
Pin2 High 
Pin7 CTL In 
Pin1 7 SW30 
Still M.M 
Start Delay M.M 

F.S. Speed M.M 
Motor Start Pluse M.M 
ACC Delay M.M 

DISC Acc. M.M 
TRACKING M.M 
BRAKE M.M 
S/S Out 
Reset M.M 


STILL MODE 


GL3667 


aera errr eee en —————————e 


Pin Description 


1) 


2 


— 


3 


— 


4 


— 


5 


— 


6 


— 


7) 


Pin 1 (Slow Input) 

pin 1 is a slow input terminal. Pin 1 voltage is devid- 
ed by two series 40K, 20K resistors, and the 
voltage at 20KQ resistor switches internal transitor on. 


Pin 2 (Still Input) 

Pin 2 is a still input terminal. Pin 2 voltage is devid- 
ed by 40K@ resitor three diodes, and 20K resistor 
and the voltage at 20KQ resistor turns internal tran- 
sistor on. 

When still and slow input remain Low, SW30 
pulses cannot trigger start delay M.M, so slow or still 
motion do not be performed any more. 


Pin 17 (SW 30) 

Pin 17 is areference 30 Hz input terminal. Pin 17 
voltage is devided by two series 40K, 20K series 
resistors, and the voltage at 20KQ resistor switches 
internal transistor on. 


Pin 16 (Start Delay M.M) 

Pin 16 is to set delay time before slow or still mode 
starts. Start delay M.M is striggered at SW30 falling 
edge and it begins charging. At the sometime, FS 
speed M.M begins charging also. Start delay M.M 
does not operate when FS speed M.M keeps charg- 
ing or slow and still input level keep low. 


Pin 13 (Fine Slow Speed M.M) 

Pin 13 is to set Fine Slow Speed. It is triggered 
by RS flip flor output, also RS flip flop is triggered high 
when start delay M.M operation is over. 

When slow input is kept high, CTL pulses are need- 
ed to continue changing state of RS flip flop output. 


Pin 14 (Motor Start Pulse M.M) 


Pin 14 is to set pulse width of motor start M.M. 


Motor start pulse M.M begins to charge when RSs flip 


flop output Q changes its state from “Low” to “High”, 


During motor start M.M charges, S/S output is kept 
high state, and at this time capstan motor is ac- 
celerated. 

When charging is over, S/S output becomes 
medium state from high state, and at this state voltage 
of pin 15 is defermined by external resistors. 


Pin 7 (Control In) 

Pin 7 is control pulse input terminal. CTL pulses 
are amplified at CTL pulse AMP via coupling capacitor, 
and CTL pulses require minimum 270 V,.,. 


8) 


9 


— 


10 


— 


11 


— 


, 12) 


Pin 6 (Tracking M.M) 

Pin 6 is to set tracking time of capstan motor. On- 
ly when RS flip flop output Q is high and slow or still 
input remain high, CTL pulse falling edge triggers track- 
ing M.M. 

At this time capstan motor recieves neither ac- 
celeration nor deceleration force from capstan motor 
driver and S/S output becomes medium state. 


Pin 5 (Braking M.M) 

Pin 5 is to set braking time of capstan motor. Brak-: 
ing M.M is only triggered at falling edge of tracking 
M.M. If tracking M.M is not activated, braking M.M 
does not operate also. Falling edge of braking M.M 
changes RS flip flop output from high to low, and 
makes RS flip flop be ready to receive start delay M.M 
ouput. 

Consequently, individual M.M operates only once 
inspite of sequential input of SW30, because start 
delay M.M is forced to be locked during FS speed 
M.M operation. 


Pin 4 (Reverse Out) 

Pin 4 is a open collector output, and collector out- 
put load resistor requires minimum 5K resistor, and 
internally 500Q resistor is connected in series for cur- 
rent overload protection. 

The period of REV. Out is determined by the brake 
M.M, in other words REV. Out has same period with 
Brake M.M. When Rev. Out is low, capstan motor is 
forced to stop. 


Pin 15 (Start/Stop Out) 

Pin 15 has 3 state output. And 3-state is “High”, 
“Medium”, ‘“Low’: 

Pin 15 is externally connected by two resistor and 
medium state voltage can be obtained freely by com- 
bination of two resistors. | 

During motor speed M.M operation S/S out is high, 
and capstan motor is accelerated.When motor speed 
M.M operation is over S/S out becomes medium state 
and capstan motor keeps on tracking. 

Braking M.M operation make S/S out be low, at 
this time capstan motor is forced to stop. Also, S/S 
output falls to low state when reset pulse M.M opera- 
tion is over. 


Pin 12 (Reset Pulse M.M) 
Pin 12 is for retriggerable M.M to generate reset 
pulse. 


GL3667 


Reset pulse M.M starts charging with slow or still 
input, and discharges by every CTL pulse input. Reset 
pulse M.M Keeps charging with no CTL pulse input, 
after that generates reset pulse so that RS flip flop 
changes its state.RS flip flop out reset all circuit. 

If slow or still motion is to be performed, slow and 
still input must be low and high again. 


13) Pin 11 (Acceleration Delay M.M) 
Pin 11 is to set delay time to accelerate head 
drum. Acceleration delay M.M starts charging at start 
delay M.M falling edge. 


14) Pin 10 (Disc Acceleration M.M) 
Pin 10 is to set time to accelerate head drum. Disc 
acceleration M.M starts charging at acceleration delay 
M.M falling edge. 


15) Pin 8 (Disc Out) 
Pin 8 is a transistor collector output with internal 
10K load resistor. 
Disc out is normally low. Only when disc accelera- 
tion M.M operates, its output becomes high. 


16) Pin 3 (Still M.M) 

Pin 3 is to determine time for still mode. Still M.M 
is triggered by still input rising edge, only when slow 
input is low. 

When still M.M operation is over, with still input 
being high and slow input being low, FS speed M.M 
becomes impedance state so that start delay M.M is 
not activated any more. As a result, start delay M.M 
operates only once during still M.M operation, and 
still mode is performed. 


GL3667 


Test circuit 


0.022u 


Ee E E E peg @ 
0.088p «& zs 
| 0.022u _ 
@ 


1 
= = ® 


CTL IN 


SLOW IN STILL IN 


SLOW IN HIGH : 5V 
LOW : OV 


STILL IN HIGH : 5V 
30ms 
. LOW : OV | | 
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Application Circuit 


EP “H" SP “H" CAP CONT 


10K 
STOP ‘“H” 


12K 220K 


100K 


GL 3667 


22K 


10K HEAD DRUM 


SLOW IN=} 


FRAME —t§ i N 


a 


TRACKING 
=9V 


2/50 


STILL IN =) 


47K Voc 


12K 
CAPSTAN 


MOTOR 
STOP 
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GL3816 
ELECTRONIC SWITCH 


Features Pin Configuration 


e Adjust to Switching of Large Signal 
e@ Low Distortion 

e Good Frequency Characteristic 

e Wide Input Dynamic Range 


OC) GL3816 C) 


Maximum Ratings (Ta = 25°C) 


No. | Parameter Symbol | Condition Min. | Typ. | Max. | Uni 
a Supply Voltage (astit«wts | | 15 Tv 
2 Allowable Power Consumption — 300 
: 3 Operating Temperature = |Topa | 65 
4 Storage Temperature S| 125 °C 


Block Diagram 


OUTPUT V 
ore 
4 
yon (8 
INPUT2 (2)—_-O | 8) NC 


INPUT 1 


CONTROL GND 
INPUT 
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Electrical Characteristics (Ta = 25°C, Vcc = 12V) 


7 


‘Input A : Rg =500),f=3.58MHz, 
2Vp-p Input B : Rg = 1KQ) 


4 
5 
*Rg = 60007,4.5Vp-p, 
f= 1kHz,RL=inf. 
a 
Pe! 
10 | 


10 


Remarks : * Measure with input 1 and input 2 respectively 
when measured by input 1, V3 = 2.0V 
when measured by input 2, V3 = 3.0V 


Test Circuit 


GL3816 


3.58MHz a « l 


2.0Vpp L-) 
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Test Condition 


Item Symbol) SW1 Test Point 


|Gireult Current [icc [eo 

Distortion (1) THD 

Distortion (2) THD 

Noise(1) 

Noise (2) 

Crosstalk (1) Ist 

Crosstall (2) Iso 
Cc 
b 
a 
b 
a 


Pedestal ~ 


Pin Voltage(pin4) | V4 
Pin Voltage(pin7) | V7 
Pin Voltage(pin7) | V7 
Pin Voltage(pin2) | V2 
Pin Voltage(pin2) | V2 


Typical Performance Curves 
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Pin2 input voltage, Vin-Vpp 
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= 
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ae 
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Pin7 input voltage, Vin-Vpp 
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THD-% THD-Vin THD-% THD-Vin 
10. Le hi a a a el SE MS Ay Ae a CRE 
onal ee eee (ea, a cae aa esa a ae 6 ee Se Ce ee (es ee 
; = i a eee 
; =o A727 vNeonf=ov, | | | ft 
' oS eee eee 
6 A poe ; 6 ee el 
: se a a SN A 2 A NS 
: 1 a ee a 
001 7 aces ieee 
6 6 ae Cae ee ee ee ee ee 
4 ee ne A Oe 
2 o| | | | TA | | Mens 
0.001 re ae 
0 4 6 10 0 2 4 6 8 10 
Pin2 input voltage, ue -Vpp Pin7 input voltage,Vin-Vpp 
THis THD-Vec Noise-dBs Noise-Vec 
0.1 -92 


6. 8 10 te 14 16 
Supply voltage, Vcc-V Supply voltage, Vcc-V 


Harmonics-f Harmonics-Vcec 
Higher harmonic-dB 
-30 


0 2 10 6 8 “a an 16 
PiequeneylMez Supply volinaé: Vec-V 
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Description 

The GL386 is a power amplifier designed for use in low 
voltage consumer applications. The gain is internally set 
to 20 to keep external part count low, but the addition of 
an external resistor and capacitor between pins 1 and 8 
will increase the gain to any value up to 200. 

The inputs are ground referenced while the output is 
automatically biased to one half the supply voltage. The 
quiescent power drain is only 24 milliwatts when operating 
from a 6 volt supply, making the GL386 ideal for battery 
operation. 


Features 

Battery Operation 

Minimum External Parts 

Wide Supply Voltage Range: 4V-12V or 5V-18V 
Low QuiescentCurrent Drain: 4mA 

Voltage Gains from 20 to 200 

Ground Referenced Input 

Self-Centering Output Quiescent Voltage 

Low Distortion 

Eight Pin Dual-In-Line Package 


Schematic Diagram 


GL386 


LOW VOLTAGE 
AUDIO POWER AMP 


Pin Configuration 
(Top View) 


GAIN | |1 


—INPUT | }2 


+INPUT | [3 


Gno |_| 4 


Absolute Maximum Ratings 


Supply Voltage 15 V 


Package Dissipation 1.25 mW 
Input Voltage +0.4 V 
Storage Temperature —65°C to +150 °C 
Operating Temperature Oto +70 °C 
Junction Temperature ISO °C 
Lead Temperature +300 ag 


. _GL386 


Electrical Characteristics T,=25°C 


Application Information 


GAIN CONTROL 

To make the GL386 a more versatile amplifier, two pins 
(1 and 8) are provided for gain control. With pins 1 and 
8 open the 1.35k@ resistor sets the gain at 20 (26 dB). 
If a capacitor is put from pin 1 to 8, bypassing the 1.35 
kQ resistor, the gain will go up to 200 (46 dB). If aresistor 
is placed in series with the capacitor, the gain can be set 
to any value from 20 to 209. Gain control can also be done 
by capacitively coupling a resistor (or FET) from pin 1 to 
ground. 


Additional external components can be placed in parallel 
with the internal feedback resistors to tailor the gain and 
frequency response for individual applications. For exam- 
ple, we can compensate poor speaker bass response by 
frequency shaping the feeback path. This is done with a 
series RC from pin 1 to 5 (paralleling the internal 15k 
resistor). For 6 dB effective bass boost: R=15k@, the 
lowest value for good stable operation is R = 10k if pin 
8 is open. If pins 1 and 8 are bypassed then R as low as 
2 k can be used. This restriction is because the amplifier 
is only compensated for closed-loop gains greater the 9. 
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[——rarameren _[Svweor [__cONDTIONS [wiv [ WP | MAX | UNITS 
i a OO 


V*=6V, R, =82, THD=10% 
V*=9V, R,=82, THD=10% 


V*=6V, f=1kHz 
10uF from Pin 1 to 8 | 
[Bw | v=6v,Pins tend 8 Open | | s00] | Wie 


V*=6V, R,=8Q, Poyp=125mW 


f=1kHz, Pins 1 and 8 Open 


Pins 1 and 8 Open 
a es os 
ts | v=6v. Pins 2 and Open | ‘250 [| nA 


— — 
’ ’ 
. 


fa fe [ma 
500 700 mW 
BAe 
7 26 dB 
ie) fs 


50 


fee] fw 


INPUT BIASING 

The schematic shows that both inputs are biased to ground 
with a 50 kQ resistor. The base current of the input tran- 
sistors is about 250 nA, so the inputs are at about 12.5 
mV when left open. If the dc source resistance driving the 
GL386 is higher than 250 kQ it will contribute very little 
additional offset (about 2.5 mV at the input, 50 mV at the 
output). If the dc source resistance is less than 10 kQ, 
then shorting the unused input to ground will keep the off- 
set low (about 2.5 mV at the input, 50 mV at the output). 
For dc source resistances between these values we can 
eliminate excess offset by putting a resistor from the unus- 
ed input to ground, equal in value to the dc source 
resistance. Of course all offset problems are eliminated if 
the input is capacitively coupled. 


When using the GL386 with higher gains (by passing the 
1.35 kQ resistor between pins 1 and 8) it is necessary 
to bypass the unused input, preventing degradation of gain 
and possible instabilities. This is done with a 0.1 pF 
capacitor or a short to ground depending on the dc source 
resistance on the driven input. 


Typical Performance Curves 


VOLTAGE GAIN(dB) SUPPLY CURRENT (mA) 


DEVICE DISSIPATION (W) 


QUIESCENT SUPPLY 
CURRENT vs SUPPLY 
VOLTAGE | 


9 10 1112 


SUPPLY VOLIAGE(VOLTS) 


VOLTAGE GAIN vs 
FREQUENCY 


100 1k 10k 100k 1M 
FRQUENCY(Hz) 


DEVICE DISSIPATION vs 
OUTPUT POWER-4Q2 LOAD 


OUTPUT POWER(W) 


POWER SUPPLY REJECTION(dB) 


TOTAL HARMONIC DISTORTION (%) 


DEVICE DISSIPTATION (W) 


POWER SUPPLY 
REJECTION RATIO 
(REFERRED TO THE | 
OUTPUT) vs FREQUENCY 


10k 100k 


FREQUENCY(Hz) 


DISTORTION 
vs FREQUENCY 


6 ER = 
pa LPourztesmw, | | | | 


' t 
1.2L A=26dB(C, ,=0 


1.0 
ae pe 
0.6 _ 
0.4 
0.2 
ar 50 2005001k 2k 5k 10k 20k 


FREQUENCY (Hz) 


DEVICE DISSIPATION vs 
OUTPUT POWER-82 LOAD 


T [ven tev a 
at 


¢) 
0 02 04 06 08 1.0 


OUTPUT POWER(W) 


OUTPUT VOLTAGE 
(VOLTSPEAK-TO-PEAK) 


TOTAL HARMONIC DISTORTION(%) 


DEVICE DISSIPATION (W) 


GL386 


PEAK-TO-PEAK OUTPUT 
VOLTAGE SWING 
vs SUPPLY VOLTAGE 


7 8 910 1112 


SUPPLY VOLTAGE(VOLTS) 


DISTORTION vs 
OUTPUT POWER 


—_ 


| | 
| 
A a | 


Vi=6V, 


Arla; 


= (a All 
EL 
I | 
a 


EC Hm A 
ee TT 
0.1 10 


MB ee) eee — - -- 


) 
0.009 00.1 
POWER OUT(WATTS) 


DEVICE DISSIPATION vs 
OUTPUT POWER (W) 
OUTPUT POWER-168 LOAD 
1.0 


v=16V 2% THD LEVEL 
VDT 
[BE SRAARAN 
An Tae THD LEVE 
Yoel! iit 
fa ° 
ace Tul 


6) 
002 06 1.0 1.4 1.8 2.0 


0.3 


0.4 


0.2 


OUTPUT POWER(W) 
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Typical Application 


AMPLIFIER WITH GAIN = 20 AMPLIFIER WITH GAIN = 50 


LOW DISTORTION POWER 
SQUARE WAVE OSCILLATOR WIENBRIDGE OSCILLATOR 


390 


0.1 pF 
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GL3230 
DUAL VOLUME/BALANCE/TONE 


(BASS/TREBLE) DC CONTROL IC 


Description Pin Configuration 


The GL3230 is a DC controlled dual volume, balance, tone (POP Evi) 


(BASS, treble) IC. As these dual channels are constructed 
on one chip, this IC is excellent in pair characteristic. 

It is suitable for automobile stereo, radio cassette, music 
center, TV multiplex sound receiver and remote controll- Vee en REF SIG 


ed applications. neuree pur 


TH(1) [3 TH(2) 


TL(1) [94 13 TL(2) 
GL3230 


REF CONT [ 95 V 


Feature cc 
: ouT 1 [J6 OUT 2 

e Wide Power Supply Voltage Range; 
Single Supply Vcc(opr) =8~14V BAL LY? i“ 
Dual Supply Voc — Veg(opr) = + 4% +7V VOL L]8 BASS 


Wide Volume Control Range: V, = 80dB (Typ.) 

Excellent Cross Talk: CT = 70dB (Typ.) 

Stable for Temperature Drift. 

Wide Tone Control Range 

Control Range: Vg=10dB (Typ.) at f= 1kHz-»100Hz 
| V;=12dB (Typ.) at f= 1kHz->20kHz 


Absolute Maximum Ratings 


Supply voltage Voc 14 V 
Power Dissipation (Note) Pp 750 mW 
Operating Temperature Tope —25to75 °C 
Storage Temperature Tstqg —55 to 150 °C 


Note: Derated above T,=25°C in the proportion of 6mW/°C. 
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Electrical Characteristics 


(Unless otherwise specified, Voc =6V, Vee=—6V, f=1kHz, T~=25°C) 


PARAMETER SYMBOL | CONDITION | MIN | 
1) | Vq/BALIBASS/ | Voc, Vee=t4V 
Quiescent Current OL co, "EE a 
cl [$n | tO 
5 


Maximum Input Voltage | Vy | BASS/TRBL/BAL SW,,3:B a 
Maximum Output Voltage VOL SW,:A, THD=1% 


| 
Vin Lod 
= 1. 
C.B-1 | Viy=1Vims» Vor SWa:A | -3] 0 
B-2 
VR 


cet 
VOL/BAL/BASS/TRBL SW, 4:8 
C Viy=0.1Vime my 3.5 
f=100Hz~20kHz 
BASS/TRBL/BAL SW,,.3:8 
70 
Vin=1Vims 
Vo./BAL BASS/TRBL 
Vin=1Vims BASS/TRBL - - 
Vp MIN | f=1kHz>100Hz | SW, »:C jee es 
T 1 


Channel Balance 


Volume Control Range Vo, SW4:A7C 


Bass Control Range 


Treble Control Range 


A 
Vo,/BAL BASS/TRBL 
VMAX | sWs <8 yey" 
C 
VOL/BAL SW3 4:B, Vin=1Vims 

Total Harmonic BASS/TRBL/BAL SW,,.3:B : 
Distortion THD | VOL SWa:A, Vo=150MVing = [on [oss] + 
Output Noise Voltage Vno VOL SW,:A 

BPF=50Hz~20kHz 

BASS/TRBL/BAL SW,,.3:B 
Control Terminal 8. 9, 10 PIN | — | 800 | — | 49 


1 
Vin=1Vems BassTRBL «=| 3g | ow, | | 
Vr MIN | f=1kHz>20kHz | SW, 9: =p te 
BASS/TRBLIBAL SW, 9:8 
130 300 | pVrms 
INPUT OPEN 
ou 7 PIN | = | 200 | = 


Input Resitance 
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Test Circuit/ Block Diagram 


Voc 


| { 47yF 1.5kQ 
4700pF 0.12yF = 
+ 
Ta) Th.) be 
—-O oe _ 
at a bee 
at. CH-2 ce 3.3yF 
© ce one OUTPUT ee 
TONE VOLUME/BA- A CH-2 
CONTROL LANCE CONTROL 
10kQ 
ie 
* > | OUTPUT 
BIAS AND , 
SIGNAL 6) 10 
INPUT ae DC CONTROL ciRcUIT If wy kQ 
120kQ 
ee mr Tom, Leon] | [TT 
ie eS TONE VOLUME/BA- (6) — SA 6 CH-1 
> CONTROL LANCE CONTROL 3. 3uF 
CH-1 INPUT Oy 
e ° d B C 
5.1 


T, Tuy 


H(1) 


nel in QuF 


kQ 


Pin Connection 


GL3230 


_ Typical Performance Curves 


OUTPUT RESPONSE V,, (dB) 


TOTAL HARMONIC DISTORTION THD (%) 


aii welll 
i neatietial 


= 

si 

rH 
Teste 8 TI 

i 

i 


Vo-f 


Vy=OdB(1V,,,.)| {I} 
arswe [TI 


Voc =6V, Vee “yl 


100 1k 10k 


FREQUENCY f (Hz) © 


THD—Vjy 


QUIESCENT CURRENT Icca(mA) 


INPUT VOLTAGE V,,(V) 


loca: Vom—Ta 


AMBIENT TEMPERATURE T,(°C) 


MAXIMUM OUTPUT VOLTAGE Vom(V) 


OUTPUT RESPONSE V, (dB) 


TOTAL HARMONIC DISTORTION THD (%) 


iinet 


~~ 30 


OUTPUT RESPONSE V,, (dB) 


ate ssvae tt TT 


300 1 


~ Vy=300mV,_. 


+2 +4 +6 
SUPPLY VOLTAGE V,,(V) 
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VOLUME ATTENUATION V,, (dB) 


OUTPUT RESPONSE V, (dB) 


VOLUME CONTROL VOLTAGE Vc(V) 


Bic 
Vin=1Ving Fone SW, ,:B |VolSW,:B 


A -2 0 2 


BALANCE.CONTROL VOLTAGE V,,, 


OUTPUT RSPONSE V,, (dB) 


10k 


FREQUENCY f (Hz) 


GL3230 


100k 


a1 


a GL3230 


Typical Application 


1. Single Power Supply 


ae 
B TYPE ‘ 


2. Dual Power Supply 


0,12 aglae 4700] 0.12 


PAD AY-CHY 


IN-2 @ @® a 2 2 OUT-2 
2L 13. ot * 
IN-1 © ty : 


3 Ae O#i0 3.3uF 


109 O-O-© 1010 
1.5kQ 
4.7uFXx4 


re 10kQx* 4 
" B TYPE 


1 O0uF 


100k 


47 uF 


EE 


GL3230 


3. Application Circuit Using Diode at Reference Terminal 


0.1244700§4700] 0.1 
1 00pF uFSe pF== prop uF 


_ [o0dddd | 

IN-2 © Z 1 1) Z DOUT-2 
3.3yF RCI? 

4: ap: ‘« tg DOUT-1 


—-3.3HFL 10£10 3.3uF 
aay DOAOPOAHWHEG kQT kQ 
181555 
zt 4.7uFX4 


10k2 x 4 
$ id tt a 
~ 
vt 


1 OOuF 


EE 


The application circuit using diode between Pin 5 and Pin 12 has the following merits. 

1. When each control terminal is drived by high impedance, the electrolytic capacitor between terminal 5 and GND 
operates as the back up capacitor, so that the rise time is short at the ON-OFF repetition of supply voltage. 

2. When the current drain into the each control terminal varies by control voltage, the voltage of terminal 5 scarcely varies. 
It means a stable reference voltage. 


GL3230 


4. Quasi-Loudness Circuit 


IN-2 @ 


ao 
A 
Lu 
(op) 
Zz 
Oo 
a. 
ep) 
Lu 
or 
_ 
- 
oO 
— 
a) 
Oo 


Voo=6V 
e 
fc ufoayayy 
1 00pF azetSta 
5 Ne Ne - 
io) vt vt oO 


100kQ 
10kQ 
10k 
oo 
ifs) 
*: 
ay 
® 
2) 
Cc 
par 


3. a 
50kQ2-B 


ni 
oO 
La 
ni 
<a 
B 


OUTPUT — f 


ay A | | tt TT 


0) 
50 100 300 1k 3k 10k 30k 100k 


FREQUENCY f (Hz) 
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CDP SERVO CONTROL 


Functions Pin Configuration 


Features 


Absoulte Maximum Ratings (T,=25°C) 


Supply Voltage Voc/Ver +8V 
Power Dissipation Pp 700mW 
Operating Temperature Topp =25 to: +75°C 


Storage Temperature TosqcG —55to 125°C 


GL3630 is a Bipolar IC Designed for CD Servo. 

HF (Sensor Output) Amplification 

Focus Error Amplification & Focus Drive Amplification 
Including Focus Search Circuit 

Focus ON Detection 

Tracking Error Amplification & Tracking Drive 
Amplification 

Tracking Jump Control. 

Tracking Zero Cross Detection 

HF Detection 

Tracking Drive Limiter 

Feed Servo Drive Amplification 

Disc Servo Drive Amplification 


GL3630 


Easy to use GL3630 in 3 Laser Beam Pick up System. 
One Chip CD Analog Servo. 

GL3630 Contains HF Pre-Amp. 

Possible to use GL3630 for Another Optical Disc 
Servo. 


GL3630 


Block Diagram 


QN3 ONS cS | | 31 
ie] foe) fer] Fy 4 


V7 


Idi Odl H3L HLO GOL +10L -IGL OGL OML +34 - 353A 


O34 
SELL ele PLL LE 


VV 


JA 


Ee ee} Ley Weed Led eed Lee} Led Led 


i059. 2d3 Gan —H4 ss zs Od3 O74 SOA 4U4 O40 104 +WaQ -wWa oONWd 
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Electrical Characteristics: T,=25°C, Voc/Veg=+5V, f=1kHz (unless otherwise specified) 


Quiescent Current loc ae 
Quiescent Current lee Lo 
FRF Comparator When Vg is high with 
HED Vin =10m V5, f= 1MHz 


hen Vz is high wit 
Comparator Threshold Valué wie See hn 
increasing E3 


FZC Comparator V When Vz is high with 0.25 
Threshold Voltage es increasing E3 ' 
TER Comparator When V2 is Low 

Vinr —0.45 
Threshold Voltage with decreasing E> 
Focus off Vi, =10m V 

ATT 4 PP 24 
Attenuation Rate FOF | €,: OV/5V 
Tracking S/W Vi,=10mV,. 

ATT Ve ae 
Attenuation Rate 1 TOF! 144 Pin: OV/5V sad 
Tracking S/W V.,=10mV 

ATT ee ve, 2.2 
Attenuation Rate 2 TOF2 | 10 Pin: OV/5V 
Tracking S/W V.,=10mV,. 

ATT i pp 
Attenuation Rate 3 TOFS | 9 Pin: OV/5V ee 
Tracking S/W V., =10mV,. 

ATT " Pp 
Attenuation Rate 4 TOF4 | E, =OV/+1V — 
DM-Amp Output Voltage Vom 0.85 
FEM-Amp Output Voltage a 0.85 
Focus Search Voltage Ves =114 
Focus Output Voltage V 56 Vin=0.5 MVims 0.5 


Tracking Output Voltage Vtpo Vin=5m Vp.» 1.16 
Focus Search Offset Voltage Vee 
IN==3 Vp.p 


—40 
Vin=+3 V 

Tracking Pre-Amp Slew Rate Tsp Rectangular wave f=1 kHz 0.15 
Vin=+3 V>. 

Tracking Drive-Amp Slew Rate Tpsr Pectsnaulee wave f=1 kHz 0.15 


TY 


= 


: 


AX 


I+ 
oO 


11 
12 


7 
8 
aa 
Po19_ 


+4.5 
0.7 


come, 
00 


2.3 


0.3 


Oo 
— 
Ce) 
= |< | 


B 
oO |! 
ol 
= 


0.33 


Trp 


| | 
o | oO 
o—ah, wah, ma 
(o) on 
| : 5 : 
NO on 
ol —_—, 


Or 16) 
ev) Ww 


4 


2 


oO 


5 


6) 


1.00 
1.00 
=0.85 
0.85 
1.65 


1.175 Views 
1.15 Vieng 


| fe 
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Test Method 


= 5. > 
iv) oO | © oO 1; N | OF] NE NI NWN —-}| © 
> ae dll Pg gel (ge cn (Ec (a (ge ee el ee a ee 
oro or o;o!; @ tf Oo ff O&O tt OO  Oloereor solo! aro w)olo!1wloa | @ 


OINT 


INPUT 


BIAS 


a) 
Z 
Q 
= 
a 
2 
O 
O 
me 
O 
= 
= 
cop) 


8 
GND 
GND 
GND 
GND 
GND 
GND 
GND 

GND/5V 
GND 
GND 
GND 
GND 
GND 


GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND 
GND/5V | GND 
GND 
GND 
GND 
GND 


FRF COMP. Threshhold 
[{\] DC VOLTAGE DECREASING FROM 5V to OV. 


ITEM 
HF Amp Output Voltage 
Focus Offset Voltage 
Tracking Offset Voltage 
HFD COMP. Threshhold 
FZC COMP. Threshhold 
TER COMP. Threshhold 
Focus off Attenuation 
Tracking SW Attenuation 1 
Tracking SW Attenuation 2 
Tracking SW Attenuation 3 
Tracking SW Attenuation 4 
DM AMP Output Voltage 
FEM AMP Output Voltage 
Focus Search Voltage 
Focus Output Voltage 


Quiescent Current 
*REMORKS: [4] DC VOLTAGE INCREASING FROM OV TO 5V. 


Focus Search Offset Voltage 


Tracking Driver Slew Rate 


Tracking Output Voltage 
Tracking PRI Slew Rate 
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Pin Description 


[Ne | WAME [Explanation 


24 BD Input Terminal of I-V Con- 
verter,B and D are Output 
Signals of Main Spot 
Sensors 


Explanation 


—5SV 


Feed Amp Output which is 
used for driving Feed Motor 


Feed Amp Inputs 
4 FE+ Feed Amp Inputs 


‘Negative Feed Back Ter- 
minal of HF-Amp. 


5 TWC Tracking Drive Limiter 
Terminal 


Summing Output Signal of 
Main Spot Sensors 


ED1 Peak Hold Pin of HF Signal. 
| It is designed for holding 


Tracking Drive Amp Out- 27 
put which is Driving Track- 


ing Actuator. 


time constant following 30 
kHz traverse. 


Tracking Drive Amp Inputs 
28 ED2 Bottom Hold Pin of HF 


Signal 


Tracking Drive Amp Inputs 
9 TH Tracking Hold Switch 


HF Drop Detection. 
Output is Low ON the track 
Output is high in drop out 
and between tracks 


Gain Control Switch 


Tracking OFF Switch 


TS Control Terminal Generating Focus ON 


TH, TG Control Terminal Signal 

Output of Tracking Zero 31 FE Focus Error Output 

Crossing Comparator 32 FPI Focus Pre-Amp Input 

Tracking Pre-Amp Output 33 FPO Focus Pre-Amp Output 

Tracking Pre-Amp Input 34 FZC Focus Zero Cross Detection 
17 TE Tracking Error Output 35 FCS Input Terminal for Focus 

Converted from the Dif- Search Control. 


ferential Current of Two 


Photo Diodes (that is, sub- 
spot sensors) 


36 FOF Focus Servo OFF Switch 
on Focus Search. 


Input Terminal of Tracking 37 CFC Pin for Controlling Focus 
Error Generating Amp. Drive Amp on the Focus 
that is, Sensor Output. Search. 


Same as 18 Pin. 38 FDI Focus Drive Amp Input. 

Ground 39 FDO — Focus Drive Amp Output. 
21 GND Ground 40 DM+ Disc Motor Drive Amp 
22 | " By Inputs. 


41 DM— Disc Motor Drive Amp 
Inputs. 


23 Input Terminal of I-V Con- 
verter, A and C are Out- 

put Signals of Main Spot 

Sensors. 


42 DMO Disc Motor Drive Amp 
Output. 


GL3630 


ircul 


Test C 
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~GL5501 
AUDIO EQ AMP 


Features 


DIP 14 PIN (Dual In-Line Package) 

Dual pre-amp with built-in ALC 

amp X2+ALC X2) 

e Due to high gain, recording amp can be formed 
separately. (Variable Monitor Possible) 

e ALC and director motor drive obtained through 

SEPP output stage. 

Good ALC response balance between channels. 

Good lessening of voltage characteristic. 

Excellent channel separation. 

Quick stabilization during power supply input. 


(pre- 


Description 


The GL5501 is a dual preamplifier with ALC (Auto- 
matic Level Control) designed for use in a record 
playback amplifier of tape recoder. It is suitable for 
a stereo set and a radiocassette recoder. 


Block Diagram 


Allowable Power Consumption, 


Pin Configuration 


GND| | 1 147 | Vcc 


ouTi| } 2 13] | OUT2 


PC1] 43 12] | Pc2 


NF1] }4 11] | NF2 


IN1] 75 


10] | IN2 


ALC OUT1] [6 9] | ALC OuT2 


ALC IN| 47 


Pd max—Ta 


max—mW 


Pq 


Ambient Temperature, T,—°C 
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Maximum Ratings/T, = 25°C 


PARAMETER 


Maximum power supply voltage 

Allowable power consumption 600 
Operating ambient temperature —20v+75 
Storage ambient temperature T —40%+125 


ALC Tr. allowable current 3.5 


PARAMETER SYMBOL 


Recommended power supply Vec 
R. 


Voltage 
Operating Characteristics/T, = 25°C, Vcc =5V, f=1 kHz, R, =10 kQ (PLAY), R, = 6802 (REC) 


RATING UNIT 
V 


Load resistance 


PARAMETER 


PLAY 

REC 

Maximum output voltage THD = 1%, PLAY V 
= Ld i] oT ’ 


re =80aen nee 


% 
Noise voltage converted to input R,=2.2 kQ, B.P.F.=20 Hz~20 kHz, _ 1.0 ' 20 
PLAY 


oOo 
NO 


ALC distortion v;=—20 dBm, REC | fo. 
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Measurement Procedure 


Procedure 


off | off | 1 | off | off | 


feat an at VGo=20 log Vo/V, (dB) 
off off | off with — voltage at V,:output voltage at Vo 


eats 
We fa fon Tr foto] Ae —[ve=20 bo Va ee) 


foff{on| 1 lofflof| Bo Measure oleae voltage Vo atTHD = 1% 
fott{on[ 1 [ot[or|  B _| Measure distortion factor at Vo=0.5V_ 


t 1 ‘i 2 
off 


Example of Application Circuit: Variable Monitor System 


Measure crosstalk of amp 1, 2 
at output voltage V\>=0 dBm 


Convert output noise voltage at 1 KHz gain 
when Rg=2.2 k 

Input voltage range from when 
input voltage V;=—60 dBm until output 
voltage Vo goes up 3 dB 


Output voltage Vo level difference 
of amp 1,2 when input voltage 
V,;=—20 dBm is applied. 


Measure distortion factor 
when input voltage 
V,=—20 dBm is applied. 


ALC distortion 


3.3k 
MICJ Tape 7 
2 OK Radio 4.7u : 
0.033pF ry 
R-ch -o Las SP 
-C 
Ta 
R/P Head cc 
@: | 
| Radio 
& Veco 
i 200 
MICJ Tuner R 
Tuner L 
Radio O A 
Tape © 
AP e | : 
H 
ead 10k Jv 
¢ mm SP 
Meter [ 
+ 
44 Ty 3 
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Measuring Circuit 
10k 2y 680 
$3.2 1Q 
i 7k On, o Se 
: (22) 20-20 KHz 


+ 
n 
—_h 
x 
uN 
[¢p) @ 
o 
e 
ed 
A 
as 


® e Voc=5V 


+. 
an 
je ee 
+ 
51k 
UT 224 +p 10p (81) 
A 20~20kHz 
® 
® @ e 
: 2.2k \o $e" ° 4S (c1) 
A 
So. 56 S31 “ 
E" ) 
470u 10k 680 
4.7u 
+44 
‘ 680 ¢,, 
300k 147 
“ +p4 680 
= ® 6 
4.7 Ss. 


1. Circuit Construction | 
1) This is a dual pre-amp composed of AMP x 2, ALC x 2. Input is obtained from NPN differential TR1, TR2; and differential load 
uses active element TR3 to obtain high voltage gain. The output stage is push-pull system with drive for low load impedance, 

and can be directly connected to ALC circuit and meter circuit. Also, because the amp open loop gain is sufficiently high, it 

can be used for recording amp and variable monitor is possible. Input impedance is determined by built-in resistor R1, and is 30 k&. 


TR3 TR4 
: c& 


Ea 
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2. ALC Circuit 


The ALC circuit is composed of TR1, TR2, and due to DC voltage applied to the 7 control terminals, allows variable impedance between 
TR1 collector and emitter and controls pre-amp input level. 


1. 


Attack Time and Recover Time 

Attack time is between when input signal is applied until ALC begins to operate. Recover time is between when 
R2, C3 time constant and input signal disappear to when amp level returns to the original level. These are ad- 
justed by C4, R3 time constant. The rectification circuit, which obtains ALC control voltage, should be a double 
voltage circuit with superior compression ratio. Also, for low voltage 6 V sets, etc., a germanium diode is recom- 
mended for D1, D2. 


. Closed loop gain VG (f = 1 kHz) 


Closed loop voltage gain is gotten at (f = 1 kHz) VG~20 log Z1/Z3 
if Z1 = 7.2 kQ 
Z3 = 562 
VG = 20 log 7.2x107/56 becomes = 42 dB 

Therefore, equalizer response is determined by these constants. 
So, playback amp gain is: 

a. 20 log R1/R@2 in low frequency regions 

b. 20 log Z2/Z3 in high frequency regions 
Recording amp gain is 

VG=20 log R1/R3 


External Constants 
External constants are related to the operation starting time of the 
amp. The operation starting time is designed to be within 0.2 sec, 
but in this case it is necessary that the differential TR1 and TR2 
is the same time constant. The condition is: 
C1(R1//R2) = R5-C3 Ci 
Example: If C1=220y, R1//R2=5kQ, R5=51 k& then C3 is 
ecpr. 


¢ (1 is adecoupling capacitor, and its capacity changes the ripple rejection rate. (If capacity is large, ripple re- 
jection rate is large.) It is also related to the amp operation starting time, and when R5, C3 time constants 
are large, C1 must also be made large. The recommended value is 220yF. 


e C2 is an input capacitor, and more than 4.7uF is recommended. 
e C3 is an NF capacitor, and determines the low region cut-off frequency. If C3 is increased, operation 
starting time lengthens. 10yuF is recommended. The recommended time constants therefore are: 


R5 (RF) C1 (CD) C2 (IN) C3 (NF) 
51 k~v100kQ 2 20uF 4.7uF 22uF 
220kQ 330puF 1OyuF 1 OuF 
We do not recommend more than 200 k® for R5 because of the relationship of Amp. operation starting time. 
. Notes on Use 10p 


1) Oscillation 
When the amp closed loop gain is lowered, oscillation will occur, 
so when using it with under 40 dB gain, connect 1O0pF between 
pin 3 and pin 2, and 0.033 (mylar) + 10 to the load end. When 
closed loop gain is below VG = 30aB, it should not be used. 
2) Wave Obstruction Prevention Use 
Connect about 1 00OpF between input pin(pin5) and the ground. 
3) Maximum Rating 


Voc Max iS Voc =14V and it should not go over this. The recommended power supply voltage is 5V~13V. 
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Pi 


4) Load Impedance . 
The total load impedance as seen from the output terminal should not be less than 6802. ’ 

5) A short between pins will cause breakdown or deterioration. 

6) A load short will cause breakdown or deterioration. 


1.0 | V@=40dB/1KHz 


x 
| 
> = 
l 1.0 F 
5 
2 § 
£ = 
S a] 
- 2 
Bau s 
e) =e 50.1 
[NG 40det kHz £ 
g= = 
Ft tT tt ff S 
1.0 23 #5 10.0 2 3 5 100 - 


Input voltage, vj — mV 


Total harmonic distortion, THD — % 
ALC distortion — % 
ALC output, Vo — V 


Power supply voltage, Vcc — V 


ALC THD,Vo - Vj 


° 


ALC distortion — % 


° 
ALC output, Vo — V 
Voltage gain, VG — dB 


Input voltage, vj 
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~ VGp - f 

a 

oy, SS 

| 7 

(uy) 

> rz 

.— 

dl z 

5, x 

s z 


Vk 10k 100k 
Frequency, f — Hz 


Noise voltage converted to input, 
o 


Sass 

1k Wk 0k 
Signal source resistance, Rg — (2 

Ripple Rejection - Vcc 


Vocr= 150mVrms/100Hz 
R, =10kQ 


VG=40dB 
NAB Rg=2.2k2 


71! 
id 
<a 


| TK 
by 
- He 
ml 
| 
es 
ii 


Ripple rejection rate, Rrej — dB 


& 


Voltage gain, VG — dB 
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THD,VG@o - Vcc 


we=47 Our 
f=1KHz 


Total harmonic distortion, THD — % 


TTT 
OE RRnaEE 
ee 
PS 
PP Tey se 
COO 
Power supply voltage, Vcc — V 

CT - f 


Noise voltage converted to input, 
~ . 
[=] 


-40 
Voc=5V 


R, =10kQ 
Rg=2.2kQ 
-g9| NAB 40dB/1KHz _ a 


Lidl | 
a am. =< 


Crosstalk, CT — dB. 


1k 10k 100k 
Frequency, f — Hz 


Quiescent current, Ilcgg — MA 


Power supply voltage, Vcc — V 


Voltage gain, VGg — d 


Center point voltage, Vy — V 


Center point voltage, VN — V 


Power supply voltage, Vcc — V 

VN» Icco - Ta 

cco 
- 


— a A TS 


Ambient temperature, Ta — C 


Output voltage, Vo — V 


Voltage gain, VG — dB 


GL 5501 


f=1KHz 
R, =10KQ 


| | Cup 47 0uF 


Ambient temperature, Ta — °c 


Description 


The GL5526 is 5-band graphic equalizer IC, which ha- 
ve 5 resonance circuit and a output buffer amplifier. 
This 5 band graphic equalizer for one channel can be 
formed easily by externally connecting capacitors 
and variable resistors which fix fo (resonance fre- 
quency). It is suitable for a potable component ste- 
reos, radio cassette recorders & car stereos. 


Features 


@ 16DIP (Dual in-line Package) 

@ Highly stable to capacitive Load 

eSeries connection of two GL5526’s makes multi- 
band (6 to 10 bands) available 

e Wide Operating Voltage Range : Vcc = 5 ~ 15 V 


Equivalent Circuit 


Oo 16 915 014 0 13 
4.7k 


rm 
ray 


ceed. 


60 


Oo 12 O11 
1.2k 


0 10 09 


70 80 
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9-BAND GRAPHIC EQUALIZER 


Pin Configuration 


Absolute Maximum Rating (Ta = 25 °C) 


20 V 
300 mW 
— 20°Cto + 75°C 


Supply Voltge Voc 
Pp 


Operating Temperature Top, 


Power Dissipation 


Allowable Power 
Dissipation, Pp (Max.) (mW) 


Ambient Temperature, Ta (°C) 


GL5526 


CONDITION 


PARAMETER SYMBOL 
VG 


Boost Amount 
CUT 


f= 1kHz, Vin= -10dB at all 
flat mode 


f = 100Hz 
f = 340Hz 
f= 1kHz 

f=3.4kHz 
f= 10kHz 


Vo= -10dB is taken 
as OdB at all flat - 
mode at f = 1kHz. 


f = 100Hz 
f = 340Hz 
f= 1kHz 

f =3.4kHz 
f= 10kHz 


_ | Total Harmonic Distortion f= 1kHz, Vo = 1.0V | 
Output Noise Voltage | Vno Rg =0, All flat B.P.F. | 
10Hz to 30kHz 


Cut Amount 


Test Method 


SW2 | SW3 |S 


= 


= 
ij om 
on 


cE 

ce 

Ree 
EE 


i | 
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ae 


© 
ma 


ce 
Ee 
E 
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Test Circuit 


Yeo swi ,| 
—Osum 1 
ay 2 SW8 output 


3.3u/25V 


22u 47u ‘ 
" 25 : 1000p Wt ens 


V.V) (TH 


GL5526 


op amp1 
1 


iY {2} (3) Ly sy [el Gy Tel 


0.012u 3900p 1200p 390p 


100k 0.039u 


0.022u 


0.068u 
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Application Circuit Veg Output 


18 
C4 


0 
22u | C5). | C6} 3.3u 
47u 10k 
7 1000p 


A 


) GL5526 
(tj [2] [3} tay LS] [8 
| 0.039u} 0.012u 3900p 1200p 390p 
C1 
a 0.68u 0.22u 0.068u 0.022u 0.0068u 
Inpu KH He 
3.3u 


fo (resonance frequency) — 
In the sample application circuit, fo for each of 5 bands is set as follows: 
fo = 108Hz, Pa Hz, 1.08kHz, 3.43kHz, 10.8kHz 


9 = ——____—— ___ (R1=1.2kohms, R2=68kohms on-chip resistor) 
2m /C1xC2xR1KxR2 


Description of external parts 


C1, C2 : Capacitors used to fix fo (resonance frequency) 

C3 : Input capacitor. Decreasing the capacitor value lowers the frequency response at low frequencies. 

C4 : Decoupling capacitor. Decreasing the capacitor value makes the effect of power supply stronger, 
whereby ripple is liable to occur. 

C5: Power capacitor. 

C6 : Output capacitor. Decreasing the capacitor value lowers the frequency response at low frequencies. 


Proper cares in using IC 


e Maximum supply voltage Vcc (Max.) 20V must not be exceeded. The operating voltage is in the range of 5 
to 15V 

eApplication of power with the pin-to-pin spaces shorted causes breakdown or deterioration of the IC to 
occur. When mounting the IC on the board or applying power, make sure that the pin-to-pin spaces are 
not shorted with solder, etc. 
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Typical Performance Characteristics 


Quiescent Cur- Total Harmonic Dis- Total Harmonic Dis- 


rent, loca (mA) tortion, THD (%) tortion, THD (%) 
t0 9 
3 3 
: > 
1.0 1.9 [Rg = 
5 3 
: 2 
01 a 
: 
0.0.1 
7o, 23 57,5 23 5 
Supply Voltage, Vcc (V) Output Voltage, Vo (V) Output Voltage, Vo (V) 
io Dis- Total Harmonic Dis- . 
tortion, THD (%) tortion, THD (%) Response (dB) 
1 1.0 16 
2 oe Pu= 1008) 7 fff _ All cut rT ttt tt] 12 eas eeee du td |i 
josie ASCE BEANO NAVI 
2 ie Sa Ga 3 TT oe 8 YAN YN TIAA 
| ee CS el a me ett ttt TTT ATT | UAE KT EXIT TT 
—I——_ 7 ——_ +} All boost 4— 2 4k ANZ XZ v4 q - 
Slaven Lett Zt gy 1] | fanboot | | TTT TY] | 5 Paral AAT 
a SPE OP SRE ETT 
0.4 a eee ae 5 |_| Lat |} 64 NT S, far i WV’ iD’ Ris “il 
f= Sa nova LE ET} a LNNL ALA AL 
gh-+—set [tT tat oy ob | tort | LI NANAYIAWA LD 
a PLL) Coen TTY TOL 
cost | [Pr fant TO} LE TT lane [| re LLL | [Al out) 
Tor 2 3 57,4, 23 5 Ty002 3 574, 23 575,235 2357,,.23 57, 235723997, 
Output Voltage Vo (V) Frequency, f (Hz) Frequency, f (Hz) 
Quiescent Current, Total Harmonic Dis- B Ae ount 
Icca (mA) tortion, THD (%) eos venenn 
16 = 
[YT ved = av 
15 f = 1kH 
-_ Vo = ae is taken at OdB at 


14 
all flat mode. 
13 be fo 


12 


Measure at all 
boost mode. 


é 6G. fe ao ee So." agp Cee ae a 40-20 
Ambient Temperature, Ta (°C) Ambient Temperature, Ta (°C) Ambient Temperature, Ta @C) 
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GL5529 
SWITCHING TYPE DUAL 


PREAMPLIFIER AND LOW FRE 


QUENCY AMPLIFIER WITH ALC CIRCUIT 


Function 


e Amplification to set equalization for magnetic head 

e Amplifying the signal from microphone 

e Amplifying the signal from EQ, MIC and other 
amplifiers 

e Automatic level control 

e Switching the recording and playback mode 

e Filtering pop noise 


Features | 

e Including Preamplifiers with Electronic Switch for 
Switching Between the Recording and Playback Mode 

e Built-in Line Amplifier with ALC Circuit 

e Wide Range of Usable Power Supplies 

e Fabricated in a 2-Channel Configuration 


Block Diagram 


Vec Filter 


Pin Configuration 


PRE OUT1 LINE1 IN 


EQ1 NF LINE1 NF 
MIC1 IN LINE 1 OUT 


EQ1 IN V 


cc 
FILTER 
GND 

ALC IN 
LINE2 OUT 
LINE2 NF 
LINE2 IN 


GND 
R/P SWITCH 


62SS1D 


EQ2 IN 
MIC2_ IN 
EQ2 NF 

PRE. OUT 2 


2 
3 
4 
5 
6 
24 
8 
9 


= 
.2) 


Absolute Maximum Ratings (T,=25°C) 


Suppy Voltage Voc 18 V 
Circuit Current loc 
Power Dissipation Pp 1000 mW 
Operating Temperature Topp —20°Cto+ 75 °C 
Storage Temperature Totg —40°C to +125 °C 


EQ 2-IN 


R/P S/W 
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Electrical Characteristics: T,=25°C, Voc=9V, f=1KHz, unless otherwise specified. 


[—conemion [mane [mae [oni 
[Ane Output Votage = 1 vme | 20 [24.8 | 26 | ob 
‘Ame. Output Votage = ve | 36 | 26 | «1 | a 
Amp. Out Votage = 1vme | a7 | 40 | «3 | oB 


PARAMETER 
Supply Voltage 


SYMBOL 


Quiescent Current 
MIC-Amp Voltage Gain 
EQ-Amp Voltage Gain 
Line-Amp Voltage Gain 


loco 


M 


V 
MIC-Amp Maximum 
Output Voltage 


EQ-Amp Maximum 
Output Voltage 


Line-Amp 


V 
G 
G 
G 
V 
V 
V 
Maximum Output Voltage 


CC 
V 
VP 
L 
OM 
OP , 
Amp. Output 
Voltoge = 1 Vrms 
_ Amp. Output 
Voltoge = 1 Vrms 


Amp Output 
Voltage = 1 Vrms 


MIC-Amp THD % 


02 | 06 i 
pos 7 


= 


EQ-Amp THD 


Line-Amp THD 


4 ~| nl 
ak a © a 
O =) Oo 
rc me) = 


O 
N 


MIC-Amp 

Input Impedance 
EQ-Amp 

Input Impedance 


M, 2 Voltage 


Zim When Input=10m Vrms 


P, > Voltage 


When Input=10m Vrsm = 


Line-Amp 
Input Impedance . 


L, 2 Voltage 


When Input=10m Vrms . 


IL 


From the point ALC is activated 


ALC range until output is 3 dB up 


(@) U 
> 
aS ie) 


Distortion when input is 


an ALCrHp 20dB up from the point 
ALC is activated 
The ALC output level 
ALC ALC difference in CH 1/CH 2 when 
Balance . input is 20dB up, from the 
point ALC is activated 


MIC-Amp 
Equivalent 
input Noise Voltage 


Rg = 1 KQ 


2030 KHz BPF 


EQ-Amp Equivalent Re= 1k 
Input Noise Voltage 20~30KHz BPF 
Line-Amp Equivalent N Rg = 1 KQ 

IL 


Input Noise Voltage 2030 KHz BPF 


pay — — (@>) Ww 
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Pin Description 


[ae Twas [pare 


2 EQ 4.=.NF 
3 MIC 1 —IN 


: EQ 1 —IN 


GND 


R/P switch 
EQ 2-IN 
MIC 2 —IN 


o 8 n oo on 


EQ 2 — NF 


e - Out 2 


EQ/MIC output 

When input is play back mode 
Output Signal is EQ output 
When input is REC. mode Out 
put Signal is MIC output 


Same as Pin 1 


Line 2 — IN | Line-Amp input terminal to 
amplify the signal from the EQ, 


MIC and other amplifiers 


Line 2 — NF | Line-Amp negative feedback input 


EQ-Amp Negative feedback input 


Line 2 —Out | Line-Amp output 


MIC-Amp input terminal to amplify 


the Signal from a microphone. 


ALC IN ALC Input Pin 


EQ-Amp input terminal to amplify 
and to equalize the signal from 
the magnetic head. 


GND Ground 


Filter Filtering POP Noise 


Ground Voc Power Supply 


Line 1 — out |Same as 13 


REC./Play switch control pin 


Line 1 — NF |Same as 12 


Same as Pin 4 


Line 1 — IN |Same as 11 


Same as Pin 3 


Same as Pin 2 
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t 


ircul 


Application C 


2.2K 


cc 


10K 


0.001, 


GL 5529 


47yu R/p signal T Te 47 =f 
100 exe 100 
MIC = 
) 
R-CH 
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Test Circuit 


Cc 
e Vee 
& 
Se.2 
; : 
100K 
le 0.033 
+ 3.9K 
3.3y 
30~20 KHz | _. 
BPI NO2 


Test Methods 
Test point 


Parameter Switch conditions 
MERCH ORG OMORCHOT CONAN ET eo 
|| teco | 1 forF] 1 | 1 | 1 | on] on | onjon| | | | | [ | [ol | 


Gym1.2 


MIC amplifier 


EQ amplifier 


~ 
= 
Oo 
ew 
fe] 
3) 
. 
o 
ce 
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GL5808 
AMIFM TUNER 


Description 

The GL5808 is a monolithic IC designed for use in AM/FM 

receivers and radio cassettes. The IC incorporates for AM 

RF pre-amplifier with ALC, ‘one-pin’ oscillator, IF amplifier 

with AGC, demodulator and level detector for tuning indica- 

tion. The FM circuitry comprises IF stages with limiter, 
quadrature detector and tuning indicator 

Also, it has AM/FM switching function. 

AM: RF preamplifier, Oscillator with ALC, Mixer IF 
Amplifier, Detector, AGC, Audio Preamplifier Tuning 
Indicator Driver. | 

FM: IF Amplifier, Limiter, Quadrature Detector. 

Tuning Indicator Driver, Audio Preamplifier 


Features 


e Extremely Low Number of External Components 
e Low Noise: AM S/N 55dB 

FM SIN 83dB 
e Low Oscillator Voltage 

Voltage at pini6:MW 130mV 
SW 70mV ~ 90mV 
(7MHz) (24MHz) 

e Very Low Tweet 
e Built-in Tuning Indicator Driver 
e Simple DC Switching for AM-FM Sections 
Separated AM/FM Output Pins 
No Extra RF Prestage is Necessary 
Ceramic AM IF Filter is Used 


- Block Diagram 


Pin Configuration 


16] | AM OSC. 


159 | Veer 


14] JAM AF IN 


GND 94 139 | AM BYPASS 


GL5808 


129 | AM MIX OUT 
11 | AGC 
109 JAM IF IN 


9f | AM OUT 


Absolute Maximum Ratings (T,=25°C) 
Supply Voltage 15V 
450 mW 

=20°C to +-70°G 
—40°C to +250°C 


Voc 


Power Dissipation Pp 
Operating Temperature Topp 
Storage Temperature Toetg 


FM AUDIO OUT 


AM AUDIO OUT 


TUNING ; 
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Electrical Characteristics: T,=25°C, Voc=4.5V (unless otherwise specified) 


AM Section: f=1MHz, fm=400Hz, 30% Mod. 
PARAMETER SYMBOL CONDITION 


Output Detection Vin=23Byu - 
Output Detection Vin=60dBu 


.e) 


: ae 
: rae 
Signal to Nowe Ratio | SN2 | vn=eoum, ——=~S=*d; Cw | sa || ae 


FM Section: f=10.7MHz, Af=+75KHz, fm=400Hz 


—3dB point from V, 
Vin=80dBy 
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Test Circuit 


! ' 
FM SG Sw2 G) ! '(3) 


300 0.047 S 0.0474 
@ 


0.0474 


= 
t 

1 

| 

d 


7& e 


[HO 


| 
! 
' 


Oa ee apap a» td 


GL5808 


aa a 


a 1 Our 0.01 5p 


L 
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Application Circuit 


AM RF IN 
T, 
== = owwee 
2 T, 50Q al 3 
| 
my — 
° ae | 
oon . = 0.047 17 AM OUT 
0.0474 Po 47H 0.047p et eieeree J 
10n Z@ a 
" jentee 
is 39mH = at 


GL5808 


6.8K 
0.022u 
FM IF IN Tepoctoc-: 
>— i | ° 
0.0474 0.0474 | ' FM OUT 
1 I 
| I 
Be! 0.015pu 
= = = sy) — 
AM 
& 
e e 
FMO Vics 
Coil Specification 
T1 (Seoul Jupa) T2 (Seoul Jupa) T3 (Seoul Jupa) T4 (Seoul Jupa) 
FM Quadrature AM IF MW OSC SW OSC 


9 9 ‘S) 


@)-@)127 | O-Qer@-Bezr @®O327.O@-@szt O-O121.@-O121 


Qo=95, fo=10.7 MHz 8T 0.07mm UEW 0.1mm UEW 
Internal S6pF Internal 180 pF Qo=140,L=140yH Qo=80,L=12yH 


3-43 - 


7 7 i * 7U 
= a - 7 Te bie Vin) Boe vr s= y 
ete hg ool'= ot SE, oc ka So; Bae Aloe at, Be eae se 
= a i = ae Ey ha a L 7 a ive oo A ~ ae ei}. = 7 i= Caw of re 1, ek ot ag i pk" a ay eee ae 9 
ee el ep alee eee aap, Paces lot Tonk ars greene a cyte Oe aa ies 
ieee aN - as out — y a 5 we ' : 1 - _ = wiMy. wes ae a oe s oh a Y. 7 ie 7 = 3 i} Soon 7 7 aft” 
ee ee a ee ee es RN, Sy aL ee ee os ee eee ae ae ee a a ae 
Sie ee Me a er ea NG Nena threes sheen alan 
- F - Ey , ad She, = . bhi a, . c - Zz _ a) >) aa ae . <2 + 623hi.es z at! “» i ( 
7 iat. -s ca x { ae ee: 7 <= oe - y _ - : a ® Re el gale A i aa go Oe. 7 ons = as i : - ets a « my ; 
7 ore 7 a oar, ee Beever a) er as Ae ae fe swe oar Wea TL ae Rothe sae? eu ton. tee 1, A ' i he eae 
So i lel ann Fall ed aeons 2 9 a ie a ea es i cr Se EN as ee ew, POE ene csi : yy 
7 > 7 7 - a 7 —T F : : - s 2 he ~— % a _ a ae <n > 7 9 - > a ; ~- ~) i 
ieaae te ea ET a3 Ponce an ke ae a eat: x a . = 74 ' : tat ete a adi 2 feb aed ee ial - tte ake 
a ov +s & 7 a - i oe% 7 - a as - = Ss ; ee _ — no it (363 7 wi 4) a yh 
7 es ~ we - Bigs Ace be J cs w <s Jp. Se ae i 7 7 rece ha. 7 ry = eee ts eee ro. * aa 34 : a es 1° 
- ibs my - Ns ri aw Bale Shr ai £ _ ‘ — wie Et eee = 7 i ne oe ate ; ae iy 
Sy series eerie cate os eee st i ee pela PW ee ig Mga eae, Fe kee 
Ne PRE 8) ay ecb 2h : ore a ie a a) eee) ee oe a ee pi ee el ws we : ; * ra 
ay cee ee ee ee ee ee Pree MO es eisai ee hie Te 
ata 7. <a Saal Cage a a aS ee ee aa ere ee RR - ear Later me a he ac Viney ae ee oe. Le - Beye 
a ek he ka : c By ne gee ee ey ee, ae ae i Se a ee Ye ‘; Niooy aa oles Amy) tat: ; Te) 
- 4 a _ fr iy ee . 7 oa a4 i 5 oe ae Ca i 7 fae = phe eh ae = 7 : : m4 Oy OF tens te he 
ber - : a eas —— - vr 7 32, ern - a26 . 2 —- +. ym ¢ eas q Care Sant a yo oe her i ey ; 7 ay _ 
e 7 7 . ee a > 7 = - es 7 a 2 > ‘ - 
OM gl la eee ee ee Lape ok rn Vesa es nee) bee aa ta ; a te ; ne a 
> BGP) 4 me s. =e a7 iG ier: : Oe ae ae noe ek ee ar SS esa kaso ar tase 7 ; : ue wee = 
a re ey : ret oa eee Py oo Sst 7 aT 1 pC le Btn: 5 — . 5 oa wre 
th a : Ao &} : Ne "I . - a 7 f m4 7 : ic* y eA o> =a 7 = ey a ; = i | 
7 : : . 7 ; 7 nee ¢ Ca a “wd Tot ite « 7 7) es >. 7 a z i Oh ps para é : 
a 3; 7 >} = + 7 Si i 7 S - 7 : 
eeren, ers 2 ee t m : - ae ae aa : se) 7 fi i nee 
wer a 7 | : * 7 : = a - 7 
+ “an AP os : : * whe 7 < Sil a ide v3, . hope 'T ae at A a Lt Soe heady 
: oy at 5% Pir 4 ie ne oe ae 7, Ay we resh is Ve ae eh Oe " _ Le 4 : 
eer nay a Ss i Ay a te ~ 4 : i ve io. i? ras oY ivr we % _ SelGi YT ne — a - a _ san = a ae r 
7 ws ie : a aes O55 . : ees te > aS why ae ee ss, : ae 7 a Ti ee = ore 7 
: ‘= - a, : <= Veet ae . Pi - An 7 7 >} aoe oar Pate - on 7 _ ae * ¥ 7 ony Am 44 : ie i 
eae y ie em ah 3 wee i ee oP oe 7 5 ne hee _@ete ‘ies Cai AR i re i > at .c~ 2 = + ole, = he 
: P capa : 7 <i ¢ : io : - el =: @ 7 eae Te a ot ae . = ° e = 7.) An 
re a + a Loe a i Pons Tal kG . / = ats ee Sse © Mas ae - . ahs 2 y ») : 
ne a pele 2 ee Py ee ee ee Kt wirtg Ciel ue iS aay fae Oc eee ras 4 RB Sida sl, we a 
c Vas : tee oe 7 1, <—s = : 7 i ws ae 7 Cwia ae pa cS a is ans © al) oe . : 
: ae x ¢ : re . — 2 7 — Ve @, 4°£e - va, . 7 oe ae Rees a vue oe 
me ea 4, Pe bs te, es « ie 4 ah ¢ eX = > oe phony a a at fi ee 7 a, 7 rad & 7 7 2 ro 7 
een ee ce sek al’ My " =a i as 7 is - - Oh wees Vw iG iy - ar x 7 x ~ a “t iz om as 
Ma oot), et > ae £+o 1 ee ae err, ee Ye. 
4 7 - os F a 2 ” 
ore i _ 
7 Ve aes 
> Yt e 4 : 
Pee =e Ae Ge; 
=o a : 
S , 
, 
- . «| 
ai ; 
mS - : 
AF os 
Loic Be 
ne 7 , 7 
a = u 
Fe ra as BS Fe 
ls Lor ie ——— _ 7 
7 ff 


F ‘ 
ae ee 5" Le oe Fh. + =. oh * 1 : =e : 

7 : is = | han : ies hs ee wt “Fal -- 5 - us . oa a or = 

i ws we be * a7 a 7 ce © he a = ie all — ‘3 = = oI a : 

ae as 7 ise Se _ 7 7 


a 
es Tete 


nA ee 
ee, 


au 


CP sn 
—_ 


te 
oe b ae Oo aK ec oe me 8, 
: > . mf . : 
ePID pcre io. ae td 
ae eee aE StL Ler Whe: 
ey = , 7 aoe eS 7 rir ah te 
‘ * ae fo a vo ae aert Bis ee 
re “> Z - 7 a 1 4 i=) 
} - ao © i- ~~ -  . a > 
; ee an ot) eS ~ 
a | A ah - a 7 a 
=) - ng ay re a 
a 6 4: Sy phe 
a i 7 : 2 7 
$ : gee ata ya 2 coe 
wy ae he ‘ a ve | i 
5 - tans 7 7 - — : 7 
ee i Sy 2) + 7 7 P re Wee ok 7 
oJ. se ee =" ee | a or 7 ee, TT 
f-) -~ = - d _ he 7 of ‘i Per a 
: ie” out Es z P 
- j t + . 7 
i- baat 7 = hy! het 7 “3 : 
Ea ee at ; 7 - para ye 
7 3 ~ H J <a > ve 
. rn ot { Ea oy . a . 7 ; . 
y y - / 
ite J <¥ t = « = 7 ig 7 " - 
ah ae (a) Oe ee ene | ee 
: a Pe oo =~ tc 
Oe ne te oe ae Oa en OL : , 
. - i = al es a . 
er . = = « ed ie he, = h. 
ris yx a & a a 7 ay & a a 
- Fe lr | ee : bail a i a 
ae eee We ome 
“cn = . 14 - ae . cae 
3 = 74 7 
? ~~ te. Pel weet Mt ar i 
es ld bine ee 
7 al 8 SY > ._ + ity 4 ot ay =f Ss - 
‘ ’ . DY ae s Mae Ree’ el oF 7 
5 Sets Sac eae RARE a a eee 
see dg eal 67 ca aie OOM cs make St Ie ae 
a Po. 5 i 1a ad het o 
t4 i 7 a Ub 7 jv = ro 
en ee aap Parr : es eo ] ay ai 
: : aS the ne A Pee or 
* 2 s ao ‘on 
¥ oo +e — * ad a a. ' i ; a 
a =" ‘am - area , ae 
# 2" a! a tpn * : Ya ve an 
~ ~ -_ + ee eee 


_ 


po eo - i eee 
i Gh + e 


RA) de 
Se Lou 


a | 


ay 
7 
F 
_ 
a 
7 
a 
) 
‘ 
~ 
5 
or 


_ 
Y D3 


7 
i ba, 
af im < 


r 
a 
Dp 7 
ie 
revt 
Ay ia 
aan 
com a 
outer 
& 
as 
oP. * 


ad - 
es oF 
7" - ca 
he ae 
Pe 
Pea 3 5 o> 
q i 
7 ie 
rr] = 
il 
=. 
a ae 
' a 
Tae 
Ae “as 
- os 
-- 
. = 
= 7 2 
> 7 
‘ - na 
—_ 7 
oe , 
nl -s ; 
Pe veu! 
a 
a = 
* = — 
_ 
6 
= 
7 - 
— 7 
’ 
7 7 
1 
‘ 
he 
- : 
: An 
— r) 


‘.< 7 ei 
es c pw 
ar 
6% ‘ 
-” a s . 
vee ins L 
ees % 
. 6 7 ~ 
a 7 i em 
G 
= > a : 
i ~ ae o__ 
% ie 7 
i, 
7 j 
ra 
. - 
s a - 
[ - ie 
’ 
‘oy i . 7 
“e ~ > 
- 
ce 
7 
it 
* : 
7 - 
a 7 _ 
7 ca = 
= ‘- 
e 
= 
4 
- * 
sd ca s 
cod 
’ 
3 Ue 
5 
o 7 a 
hed 
‘ 
? 7 ie 
* v 
s 
S ei is 
7 7 
7 7 
j 
ee 
7 
‘ y 
7 9 
. - " 


- 
ca 
. : 
“ 
= 
a” bd - 
i 
y 7 
i. 
me 
- 
f 
é Gy 
mo 
ws i ® Soe 
4 oe ry e: 


‘ 
F 
= 
ee 
=) 
= 
: 7 
i) 
‘ 
S) 
7o 
= 


4 
< 
. 
7 
7 
a , 
) 
| 
° 
Ly » 
i" 
’ i 
ls 
_ = . 
_— ‘ 


oe 
o> Rie 
ee a 
: 
_ 
— 4 
~ es 7 
; oe 
. 
ie 
an 
ie 
a 
a 7 
a 
7 
: 
jos ri 
: 
s* 
- 
: 
ee 
x) 
-— 
7 
¥ 
i 
' 
j 
é f 
, 
7 
; 143 
* é 
ae ie 
= i P 
~ > = 
a Aki’ = 
ad 
ad = 


GM16C450/82C50A 


ASYNCHRONOUS 
COMMUNICATIONS ELEMENT 


General Description 


The GM16C450 is an improved specification version of 
the GM82CS50A Asynchronous Communications Ele- 
ment Ange The improved specifications ensure com- 
patibility with state-of-the-art CPUs. Functionally, the 
GM16C450 is equivalent to the GM82C50A. 
The GM16C450 and GM82C50A each function as a 
serial data input/output interface in a microcomputer 
system. The functional conifguration of the ACEs is pr- 
ogrammed by the System software via a 3-state 8-bit 
bidirectional data bus; this includes the on-board baud 
rate generator. 
The ACE performs serial-to-parallel conversion on data 
characters received from a peripheral device or a 
modem, and parallel-to-serial conversion on data 
characters received from the CPU. The CPU can read 
the complete status of the ACE at any time during the 
functional operation. Status information reported in- 
cludes the type and condition of the transfer opera- 
tions being performed by the ACE, as well as any error 
conditions (parity, overrun, framing or break interrupt). 
The ACE includes a programmable baud generator 
that is capable of dividing the timing reference clock 
input by a divisor between 1 and (2 to the power of 16 - 
1), and abpepapl, Ne 16x clock for driving the internal 
transmitter logic. Provisions are also include to use this 
16x clock to drive the receiver logic. Also included in 
the ACE is a complete modem control ig cee 6 and 
a processor-interrupt system that may software 
tailored to the user’s requirements to minimize the 
va al required to handle the communications 
n 


ink. 
In additional, the GM16C450/GM82C50A runs at a 
maximum speed of 16 MHz. 


Pin Configuration 


Dual-in-Line Package 


1 
2 
3 
4 
§ 
6 
7 
8 


Features 


e Easily interfaces to most popular microproces- 
sors 


e Adds or deletes standard asynchronous com- 
munication bits (start, stop and parity) to or from 
serial data stream 

e Full double-buffering eliminates need for precise 
synchronization 

e Independently controlled transmit, receive, line 
status and data set interrupts 

e Programmable baud generator allows division of 
any input clock by 1 to (2 to the power of 16 - 1) 
and generates the internal 16x clock 

e Independent receiver clock input 

e oe control functions , RTS, DSR, OTR, 

an 


e Fully programmable serial interface characteris- 
tics: 


- 5-, 6-, 7- or 8-bit characters 
- Even-, odd- or no-parity bit generation and 
detection | 
- 1-, 1.5- or 2-stop bit generation 
- Baud generation (DC to 56k baud) 
e False start bit detection 
e Complete status reporting capabilities 
e 3-state TTL drive capabilities for bidirectional 
e Internal diagnostic capabilities: 
- Loopback controls for communications link 
fault isolation 
- Break, parity, overrun, framing error simula- 
tion 
- Fully prioritized interrupt system controls 
e Compatible with PS/2 system speed data bus 
and control bus 
e Line break generation and detection 


PLCC Package 


D2 oO 


658 43 2 1 4443 42 41 @ 


Bsegexueeeraeseses 
Beeagaeaag: 


; 2 
hocetsehecs 
a a ee 


@ © 20 2 22 23 26 25 2% O27 2B 


xm xouT WR WR vss A MD bos CsouT ABS 


*On the GM82 C50A, PIN38(PIN42 on the PLCC PACKAGE) is also called RLSD. 
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1.0 Absolute Maximum Ratings 


Temperature Under Bias 0°C to + 70°C Note: Maximum ratings indicate limits beyond which perma- 
Storage Temperature ~65°C to + 150°C nent damage may occur. Continuous operation at these lim- 
All Input or Output Voltages its is not intended and should be limited to those conditions 
fi DC electrical characteristics. 
with Respect to Vss —0.5V to + 7.0V epee anon 
Power Dissipation 700 mW 


2.0 DC Electrical Characteristics 
Ta = 0°C to + 70°C, Vcc = +5V +5%, Vgs = OV, unless otherwise specified. 


os [0s | -os | 08 


Vor___| OutputLow Voltage | lo. = 1.6mAonali(notez) |__| oa | | oa 
Vou | OutputHigh Votage | ton = -1.0ma(note2) | 24 | | 24 | 


Icc(AV) | Avg. Power Supply Voc = 5.25V, Ta = 25°C 
Current (Vcc) No Loads on output 

SIN, DSR, DCD, 

CTS, RI = 2.4V 

All other inputs = 0.4V 
Baud Rate Generator 

at 4 MHz 

Baud Rate at 50k 


Voc = 5.25V, Vsg = OV 
| i) 


loz TRI-STATE Leakage Voc = 5.25V, Vsg = OV 
Vout = OV, 5.25V 
1) Chip deselected +20 pA 
2) WRITE mode, | 
chip selected 
Via __| MR Schmitt Vi a a ee 
ViHMR | 20 [| 20 | fv 


Capacitance 1, = 25°C, Vcc = Vss = OV 


<i|<;</;/<|<[< 


Symbol_[ Parameter | Gonaitions [wn | typ [wax | unm 
Cout Se | 20 | oF 


Note 1: Inputs on the CMOS parts are TTL compatible; outputs on the CMOS parts drive to GND and Vcc. 
Note 2: Does not apply to XOUT. 
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3.0 AC Electrical Characteristics 1, = 0°c to +70°C, Vocg = +5V +5% 


a | = bee 
Symbol Parameter Conditions Units 
[min [| Max | Min | Max__| 
ics [ChipSelectSeuptime | ————S~i S| SCT S| 
ics |RD,AD Delay tromChip Select | Wotet) ~—S | 50 | =| 80 | ot 
taa___[Address Hold TimefromAD,AD | (Note) ~—s | 20 | =| 20 | 
iac__|ReadCycleDely | SS CC~«iLCNG «S| S| 800 | 
tacs__[ChipSelectHoldTimefromRD,AD | (Note) ~—S—s | 20 | | 20 | ots 
tao [RO,ADStrobewitth =| CYS | Ct | ots 
taop__|RD,RDtoDriverDisableDelay | @100pFloading(Notes) | | 60 | =| 75s 
tava _[DelaytromRD,ADtoData | @100pFloading =| | 125 | | 175s 
wo _[WritecycleDely | SS C‘RC CT] 50 | Ss 
WR, WR | 
twa |WR, WR Strobe Width ee ne ee ce ee 
txH Duration of Clock High Pulse [External Clock (3.1MHzMax)/ 140 | | 140_| ns 
Duration of Clock Low Pulse | 140 | ns 


RC = 


wo [Write Cycle=tawttwattwo | 


~— 
x< 
a 

D 
@ 
pe) 

Qa. 

QO 
“< 

Q 
@ 
| 

> 
D 

ae 

once 
ps] 
Oo 

+ 

- 
DD 
2) 


LY) 
wh 
o 
| 

-_ 


ns 


Baud Generator 
Baud Divisor 


Baud Output Positive Edge Delay 100 pF Load 
Baud Output Negative Edge Del. ; — 100 pF Load 
Baud Output Up Time fy = 3 MHz,+3, 100 pF Load 330 | 


Baud Output Down Time fy = 2 MHz, + 2, 100 pF Load 


Delay from RD, RD 100 pF Load 
(RD RBR or RD LSR) 
to Reset Interrupt 


Delay from RCLK to Sample Time 


Note 1: Applicable only when ADS is tied low. Note 2: RCLK is equal to tx}, and ty,. 
Note 3: Charge and discharge time is determined by Vo., Von and the external loading. 


a 
a ae 
_ | ss | ns 
ee a 

Eee] 

| 250 | 


Receiver 


Delay from Stop to Set Interrupt 
Cycles 
(Note 2) 
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_ 3.0 AC Electrical Characteristics 1, = oc to +70°C, Vog = +5V +5% (Continued) 


_ Transmitter 
Delay from WR, WR (WR THR) 100 pF Load 175 4000 
to Reset Interrupt ° 
Delay from RD, RD (RD IIR) to Reset 
Interrupt (THRE) haute 
Delay from Initial INTR Reset to Transmit 
Start 
mermeaveemen [Oe Te fe 
sermewstmrn [Te ete pe 


Modem Control 


Delay from WR, WR (WR MCR) to _ 100 pF Load 

Output : 

Delay to Reset Interrupt from RD, RD 100 pF Load 

(RD MSR) | 


Delay to Set Interrupt from MODEM Input | 100 pF Load a i 


4.9 Timing Waveforms (aii timings are reterenced to valid 0 and valid 1) 


BAUDOUT 
Cycles 


External Clock Input (3.1 MHz Max.) AC Test Points 


; 7 i iis 2.6v 
2.0V (Wete 1) eer 
0.ev 
” 0.4V 
0.8V ; 
0.4V 
be mel 


Note 1: The 2.4V and 0.4V levels are the voltages that the inputs are driven to during AC testing. 
Note 2: The 2.0V and 0.8V levels are the voltages at which the timing tests are made. 


BAUDOUT Timing 


—>| etn = tpn he tow of-—— tw —--» 


~o }—Lo —e: /e—t8H0 a tia = (W - 2) XIN CYCLES 
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4.0 Timing Waveforms (Continued) 


- tos | ‘on 


= 
———$—_——__{ mi — 


*Applicable Only When ADS is Tied Low. 


DATA 
Dg-07 


*Applicable Only When ADS is Tied Low. 
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GM16C450/82C50A 
4.0 Timing Waveforms (Continued) 


Receiver Timing 


RCLK [| [] a 


> s c.xs ———+| [+ seo 


SAMPLE CLK 

( eCEIER 
tReUT STAR DATA BITS (5 - 8) (raniy stor 
OATA) 


~ as tT 
— —e 
‘s 


(READ 
DATA BUFFER 
OR RDLSA) 


(NOTE 2) 


a 


~ |e! 


— if \tf \_f | 
i oa 


Note 1: See Write Cycle Timing 
Note 2: See Read Cycle Timing 
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5.0 Block Diagram 


(1-8 
07-09 


POWER 
SUPPLY 


SELECT 


CONTROL 
LOGIC 


(40) 
i Germ 


$V 
GNO 


INTERNAL 
DATA @US 


RECEIVER 
yi 


R 
REGISTER 
LINE 
GENERATOR = 


——" = 


CONTROL 
REGISTER 


DIVISOAR 
LATCH (LS) 
DIVISOR 
LATCH (MS) 


LINE 
STATUS 
REGISTER 


TRANSMITTER 
HOLOING 
REGISTER 

MODEM 
CONTROL 
REGISTER 


MODEM 
STATUS 
REGISTER 


INTERRUPT 


ume 
t 
REGISTER ri 
INTERRUPT 
D 


' 
REGISTER 


RECEIVER 
TIMING (9). 
CONTROL 


RECEIVER 
SHIFT 
REGISTER 


Oe sin 


RELK 


(15) 


CONTROL 


TRANSMITTER 
SHIFT 
REGISTER 


LN), sour 


(32), ane 
(36) = 
(33) 
(37) 
(38) 
(39) 
(36) 
(31) 


(30) 


Note: Applicable pinout numbers are included within parenthesis. 


6.0 Pin Descriptions 


The following describes the function of all ACE pins. Some 
of these descriptions reference internal circuits. 


In the following descriptions, a low represents a logic 0 (OV 
nominal) and a high represents a logic 1 (+ 2.4V nominal). 


6.1 INPUT SIGNALS 

Chip Select (CSO, CS1, CS2), Pins 12-14: When CSO and 
CS1 are high and CS2 is low, the chip is selected. This 
enables communication between the ACE and the CPU. 
The positive edge of an active Address Strobe signal latch- 
es the decoded chip select signals, completing chip selec- 
tion. If ADS is always low, valid chip selects should stabilize 
according to the tcsw parameter. 

Read (RD, RD), Pins 22 and 21: When RD is high or RD is 
low while the chip is selected, the CPU can read status 
information or data from the selected ACE register. 


Note: Only an active RD or RD input is required to transfer data from the 
UART during a read operation. Therefore, tie either the RD input permanent- 
ly low or the RD input permanently high, when it is not used. 


Write (WR, WA), Pins 19 and 18: When WR is high or WR 
is low while the chip is selected, the CPU can write control 
words or data into the selected ACE register. 

Note: Only an active WR or WR-input is required to transfer data to the 


UART during a write operation. Therefore, tie either the WR input perma- 
nently low or the WR input permanently high, when it is not used. 


Address Strobe (ADS), Pin 25: The positive edge of an | 
active Address Strobe (ADS) signal latches the Register Se- 
lect (AO, A1, A2) and Chip Select (CSO, CS1, CS2) signals. 
Note: An active ADS input is required when the Register Select (AO, A1, A2) 
signals are not stable for the duration of a read or write operation. If not 
required, tie the ADS input permanently low. 

Register Select (A0, A1, A2), Pins 26-28: Address signals 
connected to these 3 inputs select a ACE register for the 
CPU to read from or write to during data transfer. A table of 
registers and their addresses is shown below. Note that the 
state of the Divisor Latch Access Bit (DLAB), which is the 
most significant bit of the Line Control Register, affects the 
selection of certain ACE registers. The DLAB must be set 
high by the system software to access the Baud Generator — 
Divisor Latches. 


nr 
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6.0 Pin Descriptions (Continue) 


Register Addresses 


Receiver Buffer (read), 
Transmitter Holding 
Register (write) 
Interrupt Enable 
Interrupt Identification 
(read only) 

Line Control 

MODEM Control 

Line Status 

MODEM Status 
Scratch 

Divisor Latch 

(least significant byte) 
Divisor Latch 

(most significant byte) 


Master Reset (MR), Pin 35: When this input is high, it clears 
all the registers (except the Receiver Buffer, Transmitter 
Holding, and Divisor Latches), and the control logic of the 
UART. The states of various output signals (SOUT, INTR, 
OUT 1, OUT 2, RTS, DTR) are affected by an active MR 
input. (Refer to Table |.) This input is buffered with a TTL- 
compatible Schmitt Trigger with 0.5V typical hysteresis. 
Receiver Clock (RCLK), Pin 9: This input is the 16 x baud 
rate clock for the receiver section of the chip. 


Serial Input (SIN), Pin 10: Serial data input from the com- 
munications link (peripheral device, MODEM, or data set). 


Clear to Send (CTS), Pin 36: When low, this indicates that 
the MODEM or data set is ready to exchange data. The CTS 
signal is a MODEM status input whose conditions can be 
tested by the CPU reading bit 4 (CTS) of the MODEM Status 
Register. Bit 4 is the complement of the CTS signal. Bit 0 
(DCTS) of the MODEM Status Register indicates whether 
the CTS input has changed state since the previous reading 
of the MODEM Status Register. CTS has no effect on the 
Transmitter. 

Note: Whenever the CTS bit of the MODEM Status Register changes state, 

an interrupt is generated if the MODEM Status Interrupt is enabled. 

Data Set Ready (DSR), Pin 37: When low, this indicates 
that the MODEM or data set is ready to establish the com- 
munications link with the ACE. The DSR signal is a 
MODEM status input whose condition can be tested by the 
CPU reading bit 5 (DSR) of the MODEM Status Register. Bit 
5 is the complement of the DSR signal. Bit 1 (DDSR) of the 
MODEM Status Register indicates whether the DSR input 
has changed state since the previous reading of the 
MODEM Status Register. 

Note: Whenever. the DSR bit of the MODEM Status Register changes state, 

an interrupt is generated if the MODEM Status Interrupt is enabled. 

Data Carrier Detect (DCD), Pin 38: When low, indicates 
that the data carrier has been detected by the MODEM or 
data set. The DCD signal is a MODEM status input whose 
condition can be tested by the CPU reading bit 7 (DCD) of 
the MODEM Status Register. Bit 7 is the complement of the 
DCD signal. Bit 3 (DDCD) of the MODEM Status Register 
indicates whether the DCD input has changed state 
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since the previous reading of the MODEM Status Register. 
DCD has no effect on the receiver. 

Note: Whenever the DCD bit of the MODEM Status Register changes state, 

an interrupt is generated if the MODEM Status Interrupt is enabled. 

Ring Indicator (RI), Pin 39: When low, this indicates that a 
telephone ringing signal has been received by the MODEM 
or data set. The RI signal is a MODEM status input whose 
condition can be tested by the CPU reading bit 6 (RI) of the 
MODEM Status Register. Bit 6 is the complement of the Rl 
signal. Bit 2 (TERI) of the MODEM Status Register indicates 
whether the RI input signal has changed from a low to a 
high state since the previous reading of the MODEM Status 
Register. 


Note: Whenever the Ri bit of the MODEM Status Register changes from a 
high to a low state, an interrupt is generated if the MODEM Status 
interrupt is enabled. 


Vcc, Pin 40: + 5V supply. 
Vss, Pin 20: Ground (OV) reference. 


6.2 OUTPUT SIGNALS 


Data Terminal Ready (DTR), Pin 33: When low, this in- 
forms the MODEM or data set that the UART is ready to 
establish a communications link. The DTR output signal can 
be set to an active low by programming bit 0 (DTR) of the 
MODEM Control Register to a high level. A Master Reset 
operation sets this signal to its inactive (high) state. Loop 
mode operation holds this signal in its inactive state. 


Request to Send (RTS), Pin 32: When low, this informs the 
MODEM or data set that the ACE is ready to exchange 
data. The RTS output signal can be set to an activé low by 
programming bit 1 (RTS) of the MODEM Control Register. A 
Master Reset operation sets this signal to its inactive (high) 
State. Loop mode operation holds this signal in its inactive 
state. 


Output 1 (OUT 1), Pin 34: This user-designated output can 
be set to an active low by programming bit 2 (OUT 1) of the 
MODEM Control Register to a high level. A Master Reset 
operation sets this signal to its inactive (high) state. Loop 
mode operation holds this signal in its inactive state. In the 
XMOS parts this will achieve TTL levels. 


Output 2 (OUT 2), Pin 31: This user-designated output can 
be set to an active low, by programming bit 3 (OUT 2) of the 
MODEM Control Register to a high level. A Master Reset 
operation sets this signal to its inactive (high) state. Loop 
mode operation holds this signal in its inactive state. In the 
XMOS parts this will achieve TTL levels. 

Chip Select Out (CSOUT), Pin 24: When high, it indicates 
that the chip has been selected by active, CSO, CS1, and 
CS2 inputs. No data transfer can be initiated until the 
CSOUT signal is a logic 1. CSOUT goes low when the 
UART is deselected. 


Driver Disable (DDIS), Pin 23: This goes low whenever the 
CPU is reading data from the UART. It can disable or control 
the direction of a data bus transceiver between the CPU 
and the ACE (see Typical Interface for a High Capacity 
Data Bus). 


Baud Out (BAUDOUT), Pin 15: This is the 16 x clock sig- 
nal from the transmitter section of the UART. The clock rate 
is equal to the main reference oscillator frequency divided 
by the specified divisor in the Baud Generator Divisor Latch- 
es. The BAUDOUT may also be used for the receiver sec- 
tion by tying this output to the RCLK input of the chip. 


6.0 Pin Descriptions (continued) 


interrupt (INTR), Pin 30: This goes high whenever any one 
of the following interrupt types has an active high condition 
and is enabled via the IER: Receiver Line Status; Received 
Data Available; Transmitter Holding Register Empty; and 
MODEM Status. The INTR signal is reset low upon the ap- 
propriate interrupt service or a Master Reset operation. 
Serial Output (SOUT), Pin 11: This is the composite serial 
data output to the communications link (peripheral, MODEM 
or data set). The SOUT signal is set to the Marking (logic 1) 
state upon a Master Reset operation or when the transmit- 
ter is idle. 


GM16C450/82C50A 


6.3 INPUT/OUTPUT SIGNALS . 

Data (D7-Do) Bus, Pins 1-8: This bus is comprised of eight 
TRI-STATE input/output lines. The bus provides bidirection- 
al communications between the ACE and the CPU. Data, 
control words, and status information are transferred via the 
D7-Dpo Data Bus. 

External Clock Input/Output (XIN, XOUT) Pins 16 and 
17: These two pins connect the main timing reference (crys- 
tal or signal clock) to the UART. When a crystal oscillator or 
a clock signal is provided, it drives the ACE via XIN (se 


typical oscillator network illustration). | 


7.0 Connection Diagrams 


MEMA or /0R 


TO AS-232 
INTERFACE 


TABLE |. UART Reset Functions 
Register/Signal Reset State 

Interrupt Enable Register 06000 0000 (Note 1) 
Interrupt Identification Register 0000 0001 
Line Control Register 0000 0000 
MODEM Control Register 0000 0000 
Line Status Register | 0110 0000 
MODEM Status Register XXXX 0000 (Note 2) 
SOUT High 
INTR (RCVR Errs) Low 
INTR (RCVR Data Ready) Low 
INTR (THRE) Low 
INTR (Modem Status Changes) Low 
OUT? High 
ATS High 
DTA High 

UT High 


Note 1: Boldface bits are permanently low. 
Note 2: Bits 7-4 are driven by the input signals. 
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PARALLEL/ASYNCHRONOUS 
COMMUNICATIONS ELEMENT 


DESCRIPTION 


The GM16C451 is an universal asynchronous receiver 
and transmitter with a bidirectional CENTRONICS 
type parallel printer port. An internal programmable 
baud rate generator is provided to select transmit and 
receive clock rates from 50Hz to 56kHz. The 
GM16C451 fabricated in an advanced 2u CMOS pro- 
cess to achieve low power drain and high speed re- 
quirements. | 
The GM16C461 performs the parallel to serial/serial 
to parallel conversion on the data characters received 
from the CPU or the MODEM. The GM16C451 also 
provides the user with a fully bidirectional parallel da- 
ta port that fully supports the parallel CENTRONICS 
type printer. The on board status of the transfer ope- 
rations being performed. The GM16C451 also has 
complete MODEM control capability, and a processor 
interrupt system that may be software tailored to the 
user’s requirements to minimize the computing requi- 
red to handle the communications link. The 
GM16C451 can interface easily to the most popular 
microprocessors and communications link faults can 
be detected with internal loopback capability. 


FEATURES 


@ Pin-to-pin and functionally compatible to VL16C451 

@ Bidirectional printer port 

e Modem control signals(CTS-, RTS-, DSR-, DTR-, RI-, 
CD-,) 

@ Programmable character lengths (5, 6, 7, 8) 

@ Even, odd, or no parity bit generation and detection 

e Direct replacement of logic for PC/XT/AT 

e Status report register 

e Independent trasmit and receive control 

e TTL compatible inputs, outputs 

eFully compatible with all new bidirectional PS/2 
printer port 

e High data transfer rate 


Absolute Maximum Ratings 
| er + 9PC 


Lee SOS ESSE Ore OSCR EE OSE WE ewe bee 56 OUR. ST Oe FOES OS Se RNAS OEE RHA Hae SSS NE HOE See 8 8 Pele er ee 


sib arene 6. e SCece wig Ree Re SEE aaa Sek ee wl Se 6k ON C8 OSS ES SSE SE WS Oe Sees SE 8 HS Hee Oe SS et eee eee eS ee 
eee ere ee re ee eee ee ee ee ee 


_, 5V ~ 7.0V 
500m W 


Applied Input Voltage 


Power Dissipation | 


Pin Configuration 


Jb ar 
“48 8765 4 3 2 1 68676665646362615,-, NC 


NC 
NC 11 59 INT2 
eee ia 56) -AFD 
063 be GM16C451 =e ENE 
DB7 21 49 PD4 
VCC [| 23 47 PD6 
-RTSO 24 46 PD7 
44 BDO 
pon 8728293031 3233343536373839 40414243, 
GQ OC LLL WWUVSGG 
GAG QO PP EOOQa CINN 
DTSISSAAAOOSECNDD 
SLORO210WR28S_ 0 
oD oO 3 
: 
Block Diagram 
ese ae 
ALSBo UART > SOUTO 
af. : #1 INTO 
EN 
DBo - DB7 
8 
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SIGNAL DESCRIPTION 


Signal 


Name Signal Description 


Input/Output Read Strobe: This is an active low input which causes the serial channel 
to output data to the data bus (DBO-DB7). The data output depends upon the register 
selected by the address inputs A0,A1,A2. Chip select 0 (-CSO) selects UART and chip 
select 2 (-CS2) selects the line printer port. 


lOW 
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Input/Output Write Strobe: This is an active low input which causes data from the data 
bus (DBO-DB7)to be input to UART or to the parallel port. The data input depends 
upon the register selected by the address inputs AO,A1,A2. The chip select inputs (- 
CSO and -CS2) enable the UART and the parallel port(respectively). 


14-12 Data Bits DBO-DB7: The Data Bus provides eight, three state I/O lines for the transfer of 
data, control and stastus information between the GM16C451 and the CPU. These li- 
nes are normally in a high impedance state except during read operations. DO is the 
least significant bit (LSB) and is the first serial data bit to be received or transmitted. 


DBO- 
DB7 


AO,A1,A2| 35,34,33| Address Lines AO-A2: The address lines select the internal registers during CPU bus 
operations. See Table 1 for the decode of the serial channels. Table11 for the decode 


of the parallel line printer port. 
Cl 
Serial Data Output:This line is the serial data outputs from the UART's transmmiter cir- 
cuitry. A mark(1) is a logic "one" (high) and space (0) is a logic "zero"(low). SOUTO is 


held in the mark condition when the transmitter is disabled, Reset is true, the Transmit- 
ter Register is empty, or when in the Loop Mode. 


CLK 
SOUTO | 26 


ock input: The external clock input to the UART baud rate divisor. 


-CTSO Clear to Send Inputs: The logical state of the -CTS pin is reflected in the CTS bit of the 
(MSR) Modem Status Register [CTS is bit 4 of the MSR, written MSR(4)] of the UART. 
A change of state of the -CTS pin, since the previous reading of the MSR causes the 

setting of DCTS [MSR(0)] fo each Modem Status Register. When a -CTS pin is low, the 


modem is indicating that data on SOUTO can be transmitted. , 


- 
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DSRO Data Set Ready Inputs: The logical state of the DSRO pin is reflected in MSR(S) of the 
Modem Status Register. DDSR[MSR(1)] indicates whether the DSRO pin has changed 
state since the previous reading of the MSR. When a DSRO pin is low, the modem is in- 


dicating that it is ready to exchange data with the UART. 


—_ 
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DTRO Data Terminal Ready Output: The DTRO pin can be set (low) by writing a logic 1 to 
MCR(0), Modem Control Register bit 0 of the UART. This signal is cleared (high) by wri- 
ting a logic 0 to the DTR bit[MCR(0)] or whenever a reset occurs. When active (low), 


the DTRO pin indicates to the DCE the UART is ready to receive data. 


i 
ol 


-RTSO ‘Requests to Send Output: The -RTSO signal is an output on the UART used to enable 
the modem. The -RTSO pin is set low by writing a logic 1 to MCR(1) bit 1 of the UART’s 
Modem Control Register. The -RTSO pin is reset high by Reset. A low on the -RTSO indi- 
cates to the DCE that the UART has data ready to transmit. In half duplex operations, 


-RTSO is used to control the direction of the line. 


a 
ASS 


Ring Indicator Input: When low, -R10 indicates that a telephone ringing signal has 

been received by the modem or data set. The -R10 signal is a modem control input 
whose condition is tested by reading MSR(6) (RI) of the UART. The Modem Ststus Re- 
gister output TER1[MSR(2)] indicates whether the RI input has changed from high to 
low since the previous reading of the MSR. If the interrupt is enabled [IER(3) = 1] and - 
R10 changes from a high to low, an interrupt is generated. 


-R10 
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SIGNAL DESCRIPTION (Cont'd) 


Signa 
Name 
-LPTOE 


Signal Description 


Parallel Data Output Enable: When low, this signal enables the Write Data Register to 
the PDO-PD7 lines, putting the PDO-PD7 lines in the high-impedance state. A high 
allows them to be used as inputs. -LPTEO is usually tied low for line printer operation. 


Serial Data Input: The serial data inputs moves information from the communication li- 
ne or modem to the GM16C451 receiver circuits. A mark (1) is high, and a space (0) is 
low. Data on serial data inputs is disabled when operating in the loop mode. 


| D 

ct 
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Receive Line Signal Detect: When low, -RLSD output indicates that the data carrier has 
been detected by the modem or data set. -RLSD is modem input whose condition can 
be tested by the CPU by reading MSR(7)(RLSD) of the Modem Status Registers. 

MSR(3)(DRLSD) of the Modem Status Registers indicates whether the -RLSD input has 
changed since the previous reading of the MSR. -RLSD has no effect on the receiver. If 
the -RLSD changes state with the modem status interrupt enabled, an interrupt occurs. 


-RESET Reset: Whem low, the reset input forces the GM16C451 into an idle mode in which all 
serial data activities are suspended. The Modem Control Register(mer) along with its 
outputs is cleared. The Line Status Register(LSR) is cleared except for the THRE and 
TEMT bits, which are set. All functions of the device remain in an idle state until pro- 


grammed to resume serial data activities. 


45 Serial Channel Interrupt Output: This three-state output is enabled by the MCR bit 2. 
The serial channel interrupt goes active (high) when one of the following interrupts has 
an active (high) condition and is enabled by the Interrupt Enable Register of the serial 
channel: Receiver Error flag. Received Data Available. Transmitter Holding Register 
Empty, and Modem Status. The interrupt is reset low upon appropriate service or a re- 


set operation. 


Chip Selects: Each Chip Select input acts as an enable for the write and read Signals 
for its channel. -CSO enables the serial port, while -CSO enables the signals to the line 
printer port. 


00 
‘ep a dp) 
NO 


Bus Buffer Output: The active high output is asserted when this serial channel or the 
parallel port is read. This output can be used to control the system bus driver device 
(74LS245) 


Zz 
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53-46 Parallel Data Bits(0-7): These eight lines provide a byte-wide input or output port to the 
system. The eight lines are held in a high-impedance state when -LPTOE is held in the 


high state. 


UV 
O 
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Line Printer Strobe: This open-drain line provides communication between the 
GM16C451 and the line printer. When it is active low, it provides the line printer with a 
signal to latch the data currently on the parallel port. 


Line Printer Autofeed: This open-drain line privides the line printer with an active low 
signal when continuous from paper is to be autofeed to the printer. 


Line Printer Initialize: This open-drain line privides the line printer with a signal that 
allows the line printer initialization routine to be started. 


Zz OS z 
4 : ; 
N 


-14 


BSS 


GM16C451 


SIGNAL DESCRIPTION (Cont'd) 


Signal Description 


Line Printer Select: This open-drain line selects the printer when it is active low. 


Printer Port Interrupt: This signal is an active high, three-state output, generated by the 
positive transition of ACK. It is enabled by bit 4 of the Write Control Register. 


Line Printer Error: This is an input line from the line printer. The line printer reports an 
error by holding this line low during the error condition. 


Line Printer Selected: This is an input line from the line printer that goes high when the 
line printer has been selected. 


Line Printer Busy: This is an input line from the line printer that goes high when the li- 
ne printer is not ready to accept data. 


Line Printer Paper Empty: This is an input line from the line printer that goes high 
when the printer runs out of paper. 


Line Printer Acknowledge: This input goes low to indicate a successful data transfer 
has taken place. It generates a printer port interrupt during its positive transition. 


FUNCTIONAL DESCRIPTION 


Serial Channel Register 

Three types of internal registers are used in the serial 
channel of the GM16C451. They are used in the ope- 
rations of the divice, and are the control, status, and 
data registers. The control registers are the Bit Rate 
Select Register DLL (Divisor Latch LSB) and DLM(Di- 
visor Latch MSB), Line Control Register, Interrupt 
Enable Register, and the Modem Control Registers, 
while the status registers are the Line Status Registers 
and the Modem Status Register. The Data Registers 
are the Receiver Buffer Register and the Transmitter 
Holding Register. The Address, Read, and Write in- 
puts are used in conjunction with the Divisor Lacth 
Access Bit in the Line ControlRegister[LCR(7)] to se- 
lect the register to be written or read(see Table 1). In- 
dividual bits within these registers are referred to by 
the register mnemonic and the bit number in parent- 
hesis. An example, LCR(7) refers to Line Control Re- 
gister Bit 7. 

The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from five to eigth 
bits of data. If less than eight data bits are transmit- 
ted,data is right justified to the LSB. BIT O of a data 
word is always the first serial data bit received and 
transmitted. The GM16C451 data registers are dou- 
ble-buffered so that read and write operations can be 
performed at the same time the UART is performing 
the parallel-to-serial and serial-to-paralle! conversion. 
The format of the data character is controlled by the 
Line Control Register. The contents of the LCR may 
be read,eliminating the need for separate storage of 


TABLE 1. SERIAL CHANNEL INTERNAL REGISTERS 


GM16C451 


the line characteristics in system memory. The con- 
tents 
of the LCR are described below. 

LCR(O) Word Length Select Bit 0 (WLSO) 

LCR(1) Word Length Select Bit 1 (WLS1) 

LCR(2) Stop Bit Select (STB) 

LSR(3) Parity Enable (PEN) 

LCR(4) Even Parity Select (EPS) 

LCR(5) Stick Parity 

LCR(6) Set Break 

LCR(7) Divisor Latch Access Bit (DLAB) 
LCR(O) and LCR(1) word length select Bit 1: The 
number of bits in each serial character is program- 
med as shown in the following chart: 


LCR(1) LCR(0) Word Length 
0 0 5 Bits 
0 1 6 Bits 
1 0 7 Bits 


1 1 8 Bits 
LCR(2) Stop Bit Select: LCR(2) specifies the number 


of stop bits in each transmitted character. If LCR(2) is 
a logic 0, one stop bit is generated in the transmitted 
data. If LCR(2) is a logic 1 when a 5-bit word length is 
select, 1.5 stop bits are generated. If LCR(2) is a logic 
1 when either a 6-,7-, or 8 bit word length is selected, 
two stop bits are generated. The receiver checks for 
two stop bits if programmed. 

LCR(3) Parity Enable: When LCR(3) is high, a parity 
bit between the last data word bit and stop bit is ge- 
nerated and checked. | 

LCR(4) Even Parity Select: When Parity is enable 
[LCR(3) = 1];LCR(4) =0 


selects odd _ Parity, 
And LCR(4) =1 selects 
0 6) 0 O | RBR Receiver Buffer Register (read only) LCR(5) Stick Parity: 
0 0 0 O | THR Transmitter Holding Register (write only) ee | 
0 0 0 1 | IER Interrupt Enable Register ash eel tae 
X Onl ed O /IIR Interrupt Idenitification Register (read only) [LCR(S)-1], | os 
X Oo} 1 1 | LCR Line Control Register causes the transmis- 
X 1 0 O | MCR Modem Control Register sion and reception of 
X 1 0 1 !|LSR Line Status Register veg 
roe i aes | 0 | MSR Modem Status Register a pary DiniePed ie 
| X 1 1 1 | SCR Scratch Register epposie 225 from 
| 1 Oo} O | O | DLL Divisor Latch (LSB) that indicated by 
4 0 0 1 | DLM Divisor Latch (MSB) LCR(4). 


X = "Don’t Care", 0 = Logic Low, 1 = Logic High 


Note: The serial channel is accessed when -CS0O is low. 
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FIGURE 1. LINE CONTROL REGISTER 


This allows the user to force parity to a known state 
and for the receiver to check the parity bit in a known 
state. 


LCR(6) Break Control: When LCR(6) is set to a logic 
"4" the serial output (SOUT) is forced to the spacing 
(logic 0) state. The break is disabled by setting 
LCR(6) to a logic "0". The Break Control bit acts only 
on SOUT and has no effect on the transmitter logic. 
Break Control enables the CPU to alert a terminal in a 
computer communications system. If the following 
sequence is used, no erroneous oF extraneous cha- 
racters will be transmitted because of the break. 
1. Load an all "O"s pad character in response to 
THRE. 2. Set break in response to the next THRE. 
2. Set break in response to the next THRE 
3. Wait for the transmitter to be idle (TEMT = 1), and 
‘clear break when normal transmission has to be 
restored. 
LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must 
be set high (logic"1") to access the Divisor Latches 
DLL and DLM of the Baud Rate Generator during a re- 
ad or write operation. LCR(7) must be input low to ac- 
cess the Receiver Buffer, the Transmitter Holding, or 
the Interrupt Enable Registers. 


Word 0 0 = 5 Data Bits 
Length 0 1=6Data Bits 
Select 1 0 = 7 Data Bits 
1 1 = 8 Data Bits 
Stop 0 = 1Stop Bit 
Bit Select 1 = 1.5 Stop Bits if 5 Data Bits Selected 
2 Stop Bits if 6, 7, 8 Data Bits Selecte 
Parity 0 = Parity Disabled 
Enable 1 = Parity Enabled 
Even 0 = Odd Parity 
Parity 1 = Even Parity 
Select 
Stick 0 = Stick Parity Disabled 
Parity 1 = Stick Parity Enabled 
Break O = Break Disabled 
Control 1 = Break Enabled 
Divisor Oo = Access Receiver Buffer 
Latch 1 = Access Divisor Latches 
Access Bit , 


The Line Status Register (LSR) is a single register that 
provides status indications. The LSR is usually the 
first register read by the CPU to determine the cause 
of an interrupt or to poll the status of each serial 
channel of the GM16C451. 

Three error flags OE,FE, and PE provide the status of 
any error conditions detected in the receiver circuitry. 
During reception of the stop bits, the error flags are 
set high by an error condition. The error flags are not 
reset by the absence of an error condition in the next 
received character. The flags reflect the last character 
only if no overrun occurred. The Overrun Error (OE) 
indicates that a character in the Receiver Buffer Re- 
gister has been overwritten by a character from the 
Receiver Shift Register before being read by the CPU. 
The character is thereby lost. Framing Error (FE) indi- 
cates that the last character received contained inco- 
rrect (low) stop bits. This is caused by the absence of 
the required stop bit or by a stop bit too short to be 
detected. Parity Error (PE) indicates that the last cha- 
racter received had a parity error based on the pro- 
grammed and calculated parity of the received cha- 
racter. 

The Break Interrupt (BI) status bit indicates that the 
last character received was a break character. A break 


AAT 
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TABLE 2. LINE STATUS REGISTER BITS 


LSR(0) Data Ready(DR) 
LSR(1) Overrun Error(OE) 

LSR(2) Parity Error(PE) 

LSR(3) Framing Error(FE) 

LSR(4) Break Interrupt(BI) 
LSR(5) Transmitter Holding Register Empty(THRE) 
LSR(6) Transmitter Empty(TEMY) 

LSR(7) Not Used : 


character is an invalid data character. However, it is 
an entire character, including parity and stop bits. 
The Transmitter Holding Register Empty (THRE) bit 
indicates that the THR register is empty and may re- 
ceive another character. The Transmission Shift Re- 
gister Empty (TEMT) bit indicates that the Transmitter 
Shift Register is empty, and the seriel channel! has 
completed transmission of the last character to be 
sent. If the interrupt is enabled [IER(1)], an active 
THRE causes an interrupt (INTRPT). 

The Data Ready (DR) bit indicates that the RBR has 
been loaded with a received character (including 
Break ) and that the CPU may access this data. 
Reading the LSR clears LSR(1) - LSR(4). (OE,PE,FE, 
and Bl). The contents of the Line Status Register 
shown in Table 2 are described below: 

LSR(0) Data Ready (DR): Data Ready is set high when 
an incoming character has been received and trans- 
ferred into the Receiver Buffer Register. LSR(0) is re- 
set low by a CPU read of the data in the Receiver Buf- 
fer Register. | 

~ LSR(1) Overrun Error (OE): Overrun Error indicates 
that data in the Receiver Buffer Register was not read 
by the CPU before the next character was tranferred 
into the Receiver Buffer Register, overwriting the pre- 
vious character. The OE indicator is reset whenever 
the CPU reads the contents 
of the Line Status Register. 
LSR(2) Parity Error (PE): 
Parity Error indicates that 
the received data character 
does not have the correct 
even or odd parity, as se- 
lected by the Even Parity 
Select bit (LSR(4)). The PE 
bit is set high upon detec- 
tion of a parity error, and is 


MCR(2) 0 


MCR(4) Loop 
MCR(5) 0 
MCR(6) 0 
MCR(7) 0 
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MCR BITS 


MCR(0) Data terminal Ready(DCR) 
MCR(1) Request to Send(RTS) 


MCR(3) Interupt(INT) Enable 


reset low when the CPU reads 
the contents of the LSR. 
LSR(3) Framing Error (FE): 
Framing Error indicates that 
the received character did not 
have a valid stop bit. LSR(3) is 
set high when the stop bit fo- 
llowing the last data bit or pa- 
rity bit is detected as a zero bit 
(spacing level). The FE indica- 
tor is reset low when the CPU 
reads the contents of the LSR. 

LSR(4) Break Interrupt (BI): Break Interrupt is set high 
when the received data input is held in the spacing 
(logic 0) state for longer than a full word transmission 
time (start Bit + Data Bits + Parity + Stop Bits). The 
BI indicator is reset when the CPU reads the contents 
of the Line Status Register. 

LSR(1) - LSR(4) are the error conditions that produce 
a Receiver Line Status interrupt (priority 1 interrupt in 
the Interrupt Identification Register (IIR)) when any of 
the conditions are detected. This interrupt is enabled 
by setting IER(2) =1 in the Interrupt Enable Register. 
LSR(5) Transmitter Holding Register Empty (THRE): 


Not Ready 
No Error 
No error 
No Error 
No Break 
Not Empty 
Not Empty 


THRE indicates that the GM16C450 is ready to accept 


a new character for transmission. The THRE bit is set 
high when a character is transferred from the Trans- 
mitter Holding Register into the Transmitter Shift Re- 
gister. LSR(5) is reset low by the loading of the Trans- 
mitter Holding Register by the CPU. LSR(5) is not 
reset by a CPU read of the LSR. 

When the THRE interrupt is enable (IER(1) = 1). THRE 
Causes a priority 3 interrupt in the IIR. If THRE is the 
interrupt source indicated in IIR, INTRPT is cleared by 
a read of the IIR. 

LSR(6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the 


TABLE 3. MODEM CONTROL REGISTER BITS 


LOGIC 1 


-DTR Output Low 
-RTS Output Low 


LOGIC O | 


-DTR Output High 
-Rts Output High 


INT Enabled 
Loop Enabled 


INT Disabled 
Loop Disabled 
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FIGURE 2. MODEM CONTROL REGISTER 


Modem Control Register (MCR) 
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Transmitter Shift Register (TSR) are both empty. 
LSR(6) is reset low when a character is loaded into 
the THR and remains low until the character is trans- 
ferred out of SOUT. TEMT is not reset low by a CPU 
read of the LSR. 

LSR(7): This bit is always 0. 

The Modem Control Register (MCR) contro!s the in- 
terface with the modem or data set as described in 
Table 3. The MCR can be written and read. The -RTS 
and -DTR outputs are directly controlled by thier con- 
trol bits in this register. A high input asserts a low 
(true) at the output pins. MCR Bits 0,1,3 and 4 are 
shown below: 

MCR(0): When MCR(0) is set high, the -DTR output is 
forced low. When MCR(0) is reset low,the -DTR out- 
put is forced high. The -DTR output of the serial chan- 
nel may be input into an inverting line driver in order 
to obtain the proper polarity input at the modem or 
data set. 

MCR(1): When MCR(1) is set high, the RTS output is 
forced low. When MCR(1) is reset low, the -RTS out- 
put is forced high. The -RTS 
output of the serial channel 
may be input into an inver- 
ting line driver in order to ob- 
tain the proper polarity input 
at the modem or data set. 
MCR(3): When MCR(8) is set 
high, the INT output is ena- 
bled. 

MCR(4): MCR(4) provides a 
local loopback feature for 
diagnostic testing of the 


MSR BITS 


Data 0 = -DTR Output High (Inactive) 
Terminal 1 = -DTR Output Low (Active) 
Ready 
Request O = -RTS Output High (Inactive) 
To Send 1 = -RTS Output Low (Active) 
NC Not Connected 
INT 0 = INT Disabled 

1 = INT Enabled 
LOOP 0 Loop Disabled 


1 Loop Enabled 


These Bits are Permanently Set to Logic "0" 


channel. When MCR(4) is set high, Serial Output 
(SOUT) is set to the marking (logic "1") state, and the 
receiver data input Serial Inpit (SIN) is disconnected. 
The output of the Transmitter Shift Register is looped 
back into the Receiver Shift Register input. The three 
modem control inputs (-CTS,-DSR, and -Rl) are dis- 
connected. The modem control outputs (-DTR and - 
RTS) are internally connected to the four modem 
control inputs. The modem control output pins are 
forces to thier inactive state (high). 

In the Diagnostic mode, data transmitted is immedia- 
tely received. This allow the processor to verify the 
transmit and receive data paths of the selected serial 
channel. Bits MCR(5) -MCR(7) are permanently set to 
logi¢ 0. 

The MSR provides the CPU with status of the modem 
input lines from the modem or peripheral devices. 
The MSR aliows the CPU to read the serial channel 
modem signal inputs by accessing the data bus inter- 
face of the GM16C451. In addition to the current sta- 
tus information, four bits of the MSR indicate whether 


TABLE 4. MODEM STATUS REGISTER BITS 


Mnemonic Description 


Delta Clear to Send 

Delta Data Set Ready 

Trailing Edge of Ring Indicator 
Delta Data Carrier Detect 
Clear to Send 

Data Set Ready 

Ring Indicator 

Receiver Line Signal Detect 


a S 
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the modem inputs have changed since the last re- 
ading of the MSR. The Delta Status Bits are set high 
when a control input from the modem changes state, 
and reset low when the CPU reads the MSR. 


The modem input lines for each channel are -CTS.- 
DSR,-RI and -RLSD. MSR(4) -MSR(7) are status indi- 
cations of these lines. The status indications follow 
the status of the input lines. If the modem status inte- 
rrupt in the Interrupt Enable Register is enabled 
[IER(3)], a change of state in a modem input signals 
will be reflected by the modem staus bits in the IIR re- 
gister, and an interrupt (INTRPT) is generated. The 
MSR is a priority 4 interrupt. The contents of the Mo- 
dem Status Register are described in Table 4. Note 
that the state (high or low) of the status bits are inver- 
ted versions of the actual input pins. 

MSR(0) Delta Clear to Send (DCTS): DCTS indicates 
that the -CTS input to the serial channal has changed 
State since the last time it was read by the CPU. 
MSR(1) Delta Data Set Ready (DDSR): DDSR indica- 
tes that the -DSR input to the serial channel has chan- 
ged state since the last time it was read by the CPU. 
MSR(2) Trailing Edge of Ring Indicator (TERI): TERI 
indicates that the -RI input to the serial channel has 
changed state from high to low since the last time it 
was read by the CPU. Low to high transitions on -R10 
do not activate TERI. 

MSR(3) Delta Data Carrier Detect (DRSLD): DRSLD in- 
dicates that the -RSLD input to the serial channel has 
changed state since the last time it was read by the 
CPU. 

MSR(4) Clear to Send (CTS): Clear to Send (CTS) is 
the stasus of the -CTS input from the modem indica- 


ting to the serial channel that the modem is ready to 
receice data from the serial channel's transmitter out- 


put (SOUT). If the serial channel is in loop mode 
[MSR(4) = 1], MSR(4) is equivalent to -RTS in the 
MCR. | 

MSR(5) Data Set Ready (DSR): Data Set Ready (DSR) 
is a status of the -DSR input from the modem to the 
serial channel which indicates that the modem is re- 
ady to provide received data to the serial channel re- 
ceiver circuitry. If the channel is in the loop mode 
[MCR(4) =1], MSR(5) is equivalent to DTR in the 
MCR. 

MSR(6) Ring Indicator: Indicates the status of the RI 
input (pin 39). If the channel is in the loop mode 


GM16C451 


[MCR(4) = 1], MSR(6) is not connected in the MCR. 
MSR(7) Receive Line Signal Detect: Receive Line Sig- 
nal Detect indicates the status of the Receive Line 
Signal Detect (-RLSD) input. If the channel is in the 
loop mode [MCR(4)=1], MSR(4) is equivalent to 
Out2 of the MCR. 

The modem status inputs (-Rl,-RLSD, -DSR, and - 
CTS) reflect the modern input lines with any change 
of status. Reading the MSR register will clear the del- 
ta modem status indications but has no effect on the 
status bits. The status bits reflect the state of the in- 
put pins regardless of the mark control signals. If a 
DCTS,DDSR,TERI, or DRLSD are true and a state 
change occurs during a read operation( -DISTR), the 
state change is not indicated in the MSR. If DCTS, 
DDSR,TERI, or DRLSD are false, and a state change 
occurs during a read operation, the state change is 
indicated after the read operation. 

For LSR and MSR, the setting of status bits is inhibi- 
ted during status register read -DISTR operations. If a 
Status condition is generated during a read -DISTR 
operation, the status bit is not set until the trailing ed- 
ge of the read -DISTR. | 

If a status bit is set during a read -DISTR operation. 
and the same status condition occurs, that status bit 
will be cleared at the trailing edge of the read -DISTR 
instead of being set again. 

Each GM16C451 

serial channel contains a programmable Baud Rate 
Generator (BRG) that divides the clock (DC to 3.1 
MHz)by any divisor from 1 to 2 to the power of 16- 
1(see also BRG description). The output frequency of 
the Baud Generator is 16x the data rate [DIVISOR # 
= Clock + (Baud Rate x 16)] Two 8 bit divisor latch 
registers store the divisor in a 16 bit binary format. 
These Divisor Latch Register must be loaded during 
initialization. Upon loading either of the Divisor Lat- 
ches, a 16-bit baud counter is immediately loaded. 
This prevents long counts on initial load. 

The receiver circuitry in each serial channel of the 
GM16C451 is programmable for 5,6,7 or 8 data bits 
per character. For words of less than 8 bits, the data 
is right justified to the ieast significant bit LSB = Data 
Bit 0 [RBR(0)]. Data Bit 0 of a data word [RBR(0)] is 
the first data bit received. The unused bits in a cha- 
racter less than 8 bit are output low to the parallel 
output by the serial channel. 

Received data at the SIN input pin is shifted into the 


eo 
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Receiver Shift Register by the 16x clock provided at 
the RCLK input. This clock is sinchronized to the inco- 
ming data based on the position of the start bit. 
When a complete character is shifted into the Recei- 
ver Shift Register , the assembled data bits are para- 
llel loaded into the Receiver Buffer Register. The DR 
flag in the LSR register is set. 

Double buffering of the received data permits conti- 
nuous reception of data without losing received data. 
While the Receiver Shift Register is shifting a new 
character into the serial channel, the Receiver Buffer 
Register is holding a previously received character for 
the CPU to read. Failure to read the data in the RBR 
before complete reception of the next character result 
in the low of the data in the Receiver Register. The 
OE flag in the LSR register indicates the overrun con- 
dition. 


bits at the microprocessor data bus are ignored by 
the transmitter. 

Data Bit 0 [THR(0)] is the first serial data bit transmit- 
ted. The THRE flag [LSR(5)] reflect the status of the 
THR. The TEMT flag [LSR(5)] indicates if both the 
THR and TSR are empty. 


THR Bits thru 7 


THR(O) DATABITO 
THR(1) DATABIT 1 
THR(2) DATABIT 2 
THR(3) DATABIT3 


THR(4) DATABIT4 
THR(5) DATABIT 5 
THR(6) DATABIT6 
THR(7) DATABIT 7 


RBR Bits 0 Thru 7: 
RBR(O) DATABITO 
RBR(1) DATA BIT 1 
RBR(2) DATABIT 2 
RBR(3) DATABIT 3 
RBR(4) DATABIT 4 
RBR(5) DATABIT 5 
RBR(6) DATABIT6 
RBR(7) DATABIT 7 


Scratchpad Register is an 8 bit Read/Write register 
that has no effect on any channel in the GM16C451. It 
is intended as a scratchpad register to be used by the 
programmer to hold data temporarily. 


SCR Bits 0 thru 7 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (D0-D7) until the Transmitter 
Shift Register is empty and ready to accept a new 
character for Transmission. The transmitter and recei- 
ver word length and number of stop bits are the sa- 
me. If the character is less than eight bits, unused 


SCR(O) 
SCR(1) 
SCR(2) 
SCR(3) 
SCR(4) 
SCR(5) 
SCR(6) 
SCR(7) 


DATA BIT 0 
DATA BIT 1 
DATA BIT 2 
DATA BIT 3 
DATA BIT 4 
DATA BIT 5 
DATA BIT 6 
DATA BIT 7 
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TABLE 5. INTERRUPT IDENTIFICATION REGISTER 


INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS 


“ee. | Bis Priority | Interrupt Interrupt  Interrupr 
| level Flag Source Reset Control | 


1 None | None 


Receiver LSR Read 


Line Status 


OE, PE 
FE, or Bl 


Received Data RBR Read 


Available 


Received Data 
Available 


THRE THRE IIR Read if THRE is the in- 
terruupt Source or THR 


Write 


Modem Status MSR Read 


-CTS,-DSR 
-RI, -RSLD 


x = Not Defined 


FIGURE 3. INTERRUPT CONTROL LOGIC 
DR (LSR BIT 0) 
ERBEFI (IER BIT 0) St 


THRE (LSR BIT 5) 
ETBEI (IER BIT 1) 


> 
OE (LSR BIT 1) Output 


PE (LSR BIT 2) 


FE (LSR BIT 3) - 


BI (LSR BIT 4) 
ELSI (IER BIT 1) 


DCTS (MSR BIT 0) 
DDSR (MSR BIT 1) 

TERI (MSR BIT 2) =e = 
DDCD (MSR BIT 3) 


EDSSI (IER BIT 3) 


Interrupt Enable (MCR BIT 3) 
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TABLE 6. SERIAL CHANNEL ACCESSIBLE REGISTERS 


Register Bit Number 
ma 
Mnemonic Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 
t Data Data Data Data 
‘Bit 6 Bit 5 Bit 2 Bit 1 
THR Data Data Data Data Data Data Data Data 
— Only) | Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit O 


Bit? | 7 Bit6 | 6 Bit 5 Bit 4  ) 3 oe 2 


(EDSSI) | (ELSI) ‘| (ETBE!) (ERBFI) 


Enable rd Enable aaal 
Modem Receiver | Transmitter | Received 
Status Line Holding Data 
| Interrupt : | Status Register Available 
| Interrupt | Empty Interrupt 
Interrupt 


Interrupt | Interrupt "0" 1F 
Interrupt 
Pending 


(WLSBO 
Parity Word 
Enable Length 
Select 
Bit O 


(DTR) 
Data 
Terminal 
Ready 


Break Parity 


Access Select 


(THRE) 
Trans 
mitter 


Holding 
Register 
Empty 


(BI) 
Break 
Interrupt 


(FE) 
Framing Overrun 
Error Error 


(DRSLD) 
Delta 
Receive 
Line Signal | Ring Set to 
Detect Indicator | Ready Send 


lll ni a 


LSB Data Bit 0 is the first bit transmitted or received. 


(DDSR) — 
Delta 
Data 


(DCTS) 
Delta 
Clear 


(RI) 
Ring 
Indicator 


(TERI) 
Trailing 
‘Edge 


Carrier 
Detect 
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INTERRUPTS 


The Interrupt Identification Register (IIR) in the serial 
channel of the GM16C451 has interrupt capability for 
interfacing to current microprocessors. In order to mi- 
nimize software overhead during data character 
transfers, the serial channel prioritizes interrupts into 
four levels. The four levels of interrupt conditions are 
as follows: 


1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holing Register Empty (priority 3) 
4. Modem Status (priority 4) 


Information indicating that a prioritized interrupt is 
pending and the type of interrupt is stored in the Inte- 
rrupt Identification Register (IIR). When addressed du- 
ring chip select time, The IIR indicates the highest 
priority interrupt pending. No other interrupts are ac- 
knowledged until the interrupt is serviced by the CPU. 
The logic equivalent of the interrupt control circuit is 
shown in the Figure 3. The contents of the IIR are in- 
dicated in Table 5 and are described below. 


IIR(O): IIR(O) can be used in either as hard wired prio- 
ritized or polled environment to indicate whether an 
interrupt is pending. When IIR(0) is low, an interrupt is 
pending, and IIR contents may be used as a pointer 
to the appropriate interrupt service routine. When 
IIR(O) is high, no interrupt is pending. 


IIR(1) and IIR(2) are used to identify the highest prio- 
rity interrupt pending as indicated in Table 2. 


IIR(3) - IIR(7): These five bits of the IIR are logic 0. 


The Interrupt Enable Register (IER) is a Write Register 
used to independently enable the four serial channel 
interrupts which activate the interrupt (INTRPT) out- 
put. All interrupts are disables by resetting IER(0O) - 
lER(3) of the Interrupt Enable Register. Interrupts are 
enabled by setting the appropriate bits of the IER 
high. Disabling the interrupt system inhibits the Inte- 
rrupt Identification Register and the active (high) 
INTRPT output. All other system functions operate in 
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thier normal manner, including the setting of the Line 
Status and Modem Status Registers. The contents of 
the Interrupt Enable Register are indicated in Table 3 
and are described below. 


IER(0): When programmed high [IER(O)=LOGIC 1], 
IER(O) enables Received Data Available Interrupt. 
IER(1): When programmed high [IER(1)=LOGIC 1], 
IER(1) enables the Transmitter Holding Register 
Empty Interrupt. 

IER(2): When programmed high [IER(2) =LOGIC 1] 
IER(2) enables Receiver Line Status Interrupt. 

IER(3): When programmed high [IER(3) =LOGIC 1]. 
IER(3) enables the Modem Status Interrupt. 

IER(4) - IER(7): These four bits of the IER are logic 0. 


TRANSMITTER 


The serial transmitter section consists of a Transmit- 
ter Holding Register (THR), Transmitter Shift Regis- 
ter(TSR),and associated control logic. The Transmit- 
ter Holding Register Empty (THRE) and Tramsmittrer 
Shift Register Empty (TEMT) are two bits in the Line 
Status Register which indicate the status of THR and 
TSR. To transmit a 5- to -8 bit word, the word is writ- 
ten through DO-D7 to the THR. The microprocessor 
should perform a write operation only if THRE is high. 
The THRE is set high when the word is automatically 
transferred from the THR to the TSR during the trans- 
mission of the start bit. 


When the transmitter is idle, both THRE and TEMT 
are high. The first word write written causes THRE to 
be reset to 0. After completion of the transfer, THRE 
returns high. TEMT remains low for at least the dura- 
tion of the transmission of the data word. If a second 
character is transmitted to the THR, the THRE is reset 
low. Since the data word cannot be transferred from _ 
the THR to the TSR until the TSR is empty, THRE re- 
mains low until the TSR has completed transmission 
of the word. When the last word has been transmitted 
out of the TSR, TEMT is set high. THRE is set high 
one THR to TSR transfer time later. 


RECEIVER 


Serial asynchronous data is input into the SIN pin. 
The idle state of the line providing the input into SIN 
is high. A start bit detect circuit continually searches 
for a high to low transition from the idle state. When 
the transition is detected, a counter is reset, and 
counts the 16x clock to 7 1/2, which is the center of 
the start bit. The start bit is valid if the SIN is still low 
at the mid-bit sample of the start bit. Verifying the 
- start bit prevents the receiver from assembling an in- 
correct data character due to a low going noise spike 
on the SIN input. 


The Line Control Register determines the number of 
data bits in a character (LCR(0),LCR(1)), number of 
stop bits LCR(2), if parity is used LCR(3), and the po- 
larity of parity LCR(4). Status information for the re- 
ceiver is provided in the Line Status Register to the 
Receiver Buffer Register, the Data Received indica- 
tion in LSR(O) is set high. The CPU reads the Receiver 
Buffer Register through DO-D7. This read resets 
LSR(0). If DO-D7 are not read prior to a new character 
transfer from the RSR to the RBR, the overrun error 
status indication is set in LSR(1). The parity check 
tests for even or odd parity on the parity bit, which 
precedes the first stop bit. If there is a parity error, the 
parity error is set in LSR(2). There is circuitry which 
tests whether the stop bit is high. If it is not, a framing 
error indication is generated in LSR(3) 


The center of the start bit is defined as clock count 7 
1/2. If the data into SIN is symmertrical square wave, 
the center of the data cells will occur within +3.125% 
of the actual center, providing an error margin of 
46.875%. The start bit can begin as much as one 16x 
clock cycle prior to being detected. 


BAUD RATE GENERATOR (BRG) 


The BRG generates the clocking for the UART func- 
tion, providing standard ANSI/CCITT bit rates. The os- 
cillator driving the BRG is provided by an external 
clock into CLK. 


The data rate is determined by the Divisor Latch re- 
gisters registers DLL and DLM and the external fre- 
quency. The bit rate is selected by programming the 


GM16C451 


two Divisor Latches, Divisor Latch Most Significant 
Byte and Division Latch Least Significant Byte. Set- 
ting DLL=1 and DLM=O selects the divisor to divide 
by 1 ( divide by 1 gives maximum baud rate for a gi- 
ven input frequency at the CLK input). 


The BRG can use any of three different popular fre- 
quencies to provide standard baud rates. These fre- 
quencies are 1.8432MHz, 2.4576MHz, 3.072MHz. 
With these frequencies, standard bit rates from 50 to 
38.5kbps are available. Tables 7,8,9 illusrate the divi- 
sors needed to obtain standard rates using these 
three crystal frequencies. 


RESET 


After power up, the GM16C451 -Reset input (MR) 
should be held low for 500ns to reset the GM16C451 
circuits to an idle mode until initialization. A low on 
-Reset causes the following 


1.Initialzes the transmitter and receiver internal clock 
counters. 

2.Clears the Line Stastus Register (LSR), except for 
Transmitter Shift Register Empty (TEMT) and Trans- 
mit Holding Register Empty (THRE), which are set. 
The Modem Control Register (MCR) is also cleared. 
All of the discrete lines, memory elements and misce- 
llaneous logic associated with these register bits are 
also cleared or turned off. The Line Control Register 
(LCR), Divisor Latches, Receiver Buffer Register, 
Transmitter Buffer Register are not effected. 


Following removal of The reset condition (Reset 
high), The GM16C451 remains in the idle mode until 
programmed. 


A hardware reset of the GM16C451 sets the THRE 
and TEMT status bit in the LSR. When Interrupts are 
subsequently enabled, an interrupt occurs due to 
THRE; 


A summary of the effect of a reset on the GM16C451 
is given in Table 10. 
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PROGRAMMING 


Each serial channel of the GM16C451 is programmed by the control registers LCR,IER,DLL and DLM,MCR. 
These control words define the character length, number of stop bits, parity, baud rate, and modem interfa- 
ce. While the control register can be written in any order, the IER should be written to last because it controls 
the interrupt enables. Once a serial channel is programmed and operational, these registers can be updated 
any time the GM16C451 serial channel is not transmitting or receiving data. 

The control signals required to access each serial channel's internal registers are shown below. 


SOFTWARE RESET 


A software reset of the serial channel is a useful method for returning to a completely known state without a 
system reset. Such a reset consists of writing to the LCR, Divisor Latches, and MCR registers. The LSR and 
RBR registers should be read prior to enabling interrupts in order to clear out any residual data or status bits 
which may be invalid for subsequent operation. | 


CLOCK INPUT OPERATION 


The maximum input frequency of the external clock of the GM16C451 is 3.1MHz 


TABLE 7. BAUD RATES (1.8432 MHz CLOCK) 


Desired Baud at secon Dose a Aca 


2304 
1536 
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TABLE 8. BAUD RATES (2.4576 MHz CLOCK) 


Desired Baud Rate Divisor Used Been Lote ey 


TABLE 9. BAUD RATES (3.072 MHz CLOCK) 


. - t Error Diff 
Desired Baud Rate Divisor Used mised Decne end neni 
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TABLE 10. RESET 


INTERRUPT ENABLE REGISTER RESET ALL BITS LOW (0-3 FORCED AND 4- 
| 7 PERMANENT) 
INTERRUPT IDENTIFICATION RESET BIT 0 IS HIGH, BITS 1 AND 2 LOW 
REGISTER BITS 3-7 ARE PERMANENTLY LOW 
LINE CONTROL REGISTER RESET ALL BITS LOW 
MODEM CONTROL REGISTER RESET ALL BITS LOW 
LINE STATUS REGISTER RESET ALL BITS LOW, EXCEPT BITS 5 
AND 6 HIGH 
MODEM STATUS REGISTER RESET BITS 0-3 LOW 
BITS 4-7 INPUT SIGNAL 
SOUT RESET HIGH 
INTRPT(RCVR ERRS) READ LSR/RESET LOW 
INTRPT(RCVR Data Ready) READ RBR/RESET LOW 
INTRPT (THRE) READ IIR/WRITE LOW 
THR/RESET 
INTRPT(MODEM STATUS CHANGES) | READ MSR/RESET LOW 
-OUT2 RESET HIGH 
-RTS RESET HIGH 
-DTR RESET HIGH 
-OUT1 RESET HIGH 


DEVICE APPLICATION 


GM16C451 
SERIAL 9-PIN 
DATA | CHANNEL 0 "D" 
BUS BUFFERS CONN 
apoE UART AND 
BUS PRINTER 
PORT 
CTL 
eae OPTION 
JUMPERS 
PARALLEL 25-PIN 
PORT "D" 
|| R/C NET CONN 
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FUNCTIONAL DESCRIPTION 


PARALLEL PORT REGISTERS 

The GM16C451’s parallel port interfaces the device to a Centronics style printer. When Chip Select 2 (-CS2) is 
low, the parallel port is selected. Table 11 shows the registers accociated with this parallel port. The read or 
write function of the register is controlled by the state of the read (-IOR) and write (-IOW) pin as shown. The 
Read Data Register allows the microprocessor to read the information on the parallel us. The Read Status Re- 
gister allows the microprocessor to read the status of the printer in the five most significant bits. The status 
bits are Printer Busy (-BUSY), Acknowledge (-ACK) which is a handshake function, Paper Empty (PE), Printer 
Selected (SLCT), and Error (-ERR)R), The Read Control Register allows the state of the control lines to be re- 
ad. The Write Control Register sets the state of the control lines. They are Interrupt Enable (IRQ ENB), Select 
In (SLIN), Initialize the Printer (-INIT), Autofeed the Paper (AUTOFD), Strobe (STROBE), which informs the 
printer of the presence of a valid byte on the parallel us. The Write Data Register allows kthe microprocessor 
to write a byte to the parallel bus. 


The parallel port is completely compatible with the parallel port implementation used in the IBM Serial/Para- 
llel Adaptor. 


TABLE 11. PARALLEL PORT REGISTERS 


Register Register Bits 


Bit 7 Bit 6 Bit 5 Bit 4 Bit 2 Bit 1 Bit O 
Read Control 1 IRQENB | SLIN -INIT AUTOFD | STROBE 
Write Control 1 IRQ ENB AUTOFD | STROBE 


TABLE 12. PARALLEL PORT REGISTER SELECT 


Control Pins 


a 

ee 
0 [fees conser 
of 
a 


Write Control 
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AC CHARACTERISTICS TA= 0°C to +70°C, VCC = 5V +5% (Note 1,5) 


| SYMBOL 


[200 [BELAY FROW-DISTATO DATA 
[Fe [-DTRTORLOATRGDATA WOT | 0 
[BOW |-bosresrRoRe wore | F0 
OC 
[85 [BRIA SETUP THE 
ON i 
Ea 


on 

es 

5, 

0, 

_ 

- 

ae 

me 
[ES [ ora setecrrocoTME FROW TR | = | 

i 

ama 

a 

a 

a 

— 

a 

= 


100pF LOAD 
100pF LOAD, NOTE 4 


“DISTR DELAY FROM ADDRESS | 60 | 
“DISTR DELAY FROM GHIP SELECT | 50 


= 
[ww ostm asta owanoness | 
a 
[a |peserruise wore 
[Bet pursrow oF cocker purse 
had 


DURATION OF CLOCK LOW PULSE 


NOTES : 1. RCLK IS INTERNALLY DERIVED FROM THE INTERNAL- BAUDOUT SIGNAL. 
2. THE INTERNAL ADDRESS STROBE IS ALWAYS ACTIVE. 
3. ROLK = tXH AND txXL. 
4. CHARGE AND DISCHARGE TIME IS DETERMINED BY VOL, VOH AND THE EXTERNAL LOADING. 
5. ALL TIMING ARE REFERENCED TO VAILD 0 AND 1. (SEE AC TEST POINTS.) 


oat XTERNAL CLOCK 
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AC CHARCTERISTICS (Cont.) TA = 0°C TO 70°C, VCC = 5V +5% (Note 1, 5) 


SYMBOL PARAMETER MIN |MAX UNITS CONDITIONS 


Transmitter 
DELAY FROM RISING EDGE OF DOST [my 100pF LOAD | 
tIRS DELAY FROM INITIAL INTR RESET TO CLK CYCLES NOTE2 
TRANSMIT START 


(WR THR) TO RESET INTERRUPT 
tS! | DELAY FROM INITIAL WRITE TO INTE- 
| RRUPT 
tSTl_ | DELAY FROM STOP TO INTE- 
| RRUPT(THRE) 
tIR | DELAY FROM -DISTR (RD IIR) TO RESET 
INTERRUPT (THRE) 


Modem Control 


DELAY FROM -DOSTR (WR MCR) TO 
OUTPUT 


DELAY TO SET INTERRUPT FROM MO- 
DEM INPUT 


DELAY TO RESET INTERRUPT FROM 
-DISTR (RS MSR) 


DELAY FROM -DISTR (RD RBR/RDLSR) 
TO RESET INTERRUPT 


DEFINED BY PRINTER 


DEFINED BY PRINTER 


DEFINED BY PRINTER 


ACKNOWLEDGE DELAY (BUSY END TO 
ACKNOWNLEDGE) 
ae DEFINED BY PRINTER 


LS 
Us 
tBSY | BUSY DURATION TIME 
ae | ee: DEFINED BY PRINTER 
BUSY DELAY TIME | us 


NOTES : 1.THE INTERNAL ADDRESS STROBE IS ALWAYS ACTIVE. 
2. ROLK =tXH AND tXL. 
3. CHARGE AND DISCHARGE TIME IS DETERMINED BY VOL,VOH AND THE EXTERNAL LOADING. 
4. ALL TIMING ARE REFERENCED TO VALID 0 AND 1. (SEE AC TEST POINTS) 
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WRITE CYCLE TIMING 


A2 Ai AO 


. ACTIVE 


-DISTR ACTIVE 


"ios | tDH | 


oer pee See Rene ee eee EE 71 ATA 


READ CYCLE TIMING 


———— 
A2 A1 AO VALID y/ 
/\ 
tRA 
-<CS VALID 
tCSR tRCS 
tAR RC 
tDIW 
== 
DISTR : ACTIVE 
es 
OR 
-DOSTR a ACTIVE 
)) 
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RECEIVER TIMING 


SIN J 


(RECEIVER START / 


DATA) | )) 


SAMPLE 
CLK 


INTERRUPT 
(DATA READY OR 
RCVR ERR) 


tRINT —+ 
-DISTR ; 
ACTIVE 
(READ REC 
DATA BUFFER 
OR RDLSR) 


TRANSMITTER TIMING 


SERIAL 
OUT (SOUT) 


DATE(S) STOP(1-2) 


INTERRUPT 
(THRE) 


-DOSTR 
(WR THR) 


tIR 


-DISTR 
(RD IIR) 
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MODEM TIMING 


-DOSTR 
(WR MCR) 


-RTS, -DTR 


-CTS, -DSA, -RLSD 
-INTERRUPT 
tSIM tRIM —* aad 
tSIM 


‘ / \ 
-DISTR / ; 
(RD MSR) caer aaa: 


-Ri 
PARALLEL PORT TIMING 
DATA 
tDT | -— | tDT 
STROBE 
tSB 
: : / 
ACK 


BUSY 
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AC TESTING INPUT/OUTPUT WAVEFORMS 


ELTERNAL CLOCK INPUT AC TEST POINTS 


_ TEST CIRCUIT 


2.54 V 


* Includes Scope and Jig 
Capacitance 
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DC CHARACTERISTICS Ta = 0°C to +70°C, VCC = 5V +5% 


ViLx CLOCK INPUT LOW VOLTAGE | -0.5 

recog | 20-| [vf 
IL INPUT LOW VOLTAGE 8 

_ 
OL 


V 
V INPUT HIGH VOLTAGE 
Vi lo. = 4.0mA ON DBO-DB7 


lo. = 12mMA ON PDO-PD7 
lo. = 10mA ON -INIT, -AFD, -STB, 

AND -SLIN (SEE NOTE 1) 
lo. = 2.0mA ON ALL OTHER OUTPUTS 


loH = -0.4mA ON DBO-DB7 
lon =-2.0MA ON PDO-PD7 
loH =-0.2mA ON -INIT, -AFD, 
-STB, AND -SLIN 
lo = -0.2mA ON ALL OTHER OUTPUTS 


Voc = 5.25V, NO LOADS ON SINO 1. 
-DSRO,1; -RLSDO,1;-CTSO,1 

-RIO,-Rl1 = 2.0V 

OTHER INPUTS =0.8V 

BAUD RATE GENERATOR = 4 MHz 
BAUD RATE = 56K 


Veo =5.25V, GND=0V 
ALL OTHER PINS FLOATING. 


VIN = OV,5.25V 


H 
-~< 
= 
WO 
O 
rT 
= 

1) 

@| 3 


§ 


ine) 
ol © 
Oo 


Vec 


OUTPUT LOW VOLTAGE 


VOH OUTPUT HIGH VOLTAGE 


POWER SUPPLY CURRENT 


> 


410 


NO 
pes 
© 
a ee 


INPUT LEAKAGE 


CLOCK LEAKAGE 


3-STATE LEAKAGE 


H- 
© 


Io 
Io 
loz 


H+ 
nN 
© 


Voc = 5.25V, GND =0V 

VOUT = OV, 5.25V 

1) CHIP DESELECTED 

2) CHIP AND WRITE MODE SELECTED 


Vir(RES) | RESET SCHMITT Vit 
EB | 


NOTE: -INIT, -AFD,-STB, AND -SLIN ARE OPEN COLLECTOR OUTPUT PINS THAT EACH HAVE AN 
INTERNAL PULL-UP RESISTOR (2.5kQ) - 3.5kE1)TO Voc. THIS WILL GENERATE A MAXIMUM OF 
2.0MA INTERNAL lov. IN ADDITION TO THIS INTERNAL CURRENT, EACH PIN WILL SINK AT LEAST 
10mA, WHILE MAINTAINING THE VoL. SPECIFICATION OF 0.4V MAX. 


ND Nm] Oo 
fo) fo) 

a1 

vo) 


cE 


aN 
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PARALLEL/ASYNCHRONOUS 
COMMUNICATIONS ELEMENT 


DESCRIPTION 


The GM16C452 is a dual universal asynchronous re- 
ceiver and transmitter with a bidirectional CENTRO- 
NICS type parallel printer port. An internal program- 
mable baud rate generator is provived to select 
transmit and receive clock rates from 50Hz to 56kHz. 
The GM16C452 fabricated in an advanced 2u CMOS 
process to achieve low power drain and high speed 
requirements. The GM16C452 performs the parallel 
to serial/serialto parallel conversion on the data cha- 
racters received form the CPU or Modem. The 
GM16C452 also provides the user with a fully bidirec- 
tional parallel data port that fully supports the parallel 
CENTRONICS type printer. The on board status of 
the transfer operations being performed. The 
GM16C452 also has complete modem control capa- 
bility, and a processor interrupt system that may be 
software tailored to the user’s requirements to mini- 
mize the computing required to handle the communi- 
cations link. The GM16C452 can interface easily to 
the most popular microprocessor and communica- 
tion link faults can be detected with internal loopback 
capability. 


FEATURE 


@ Pin-to-Pin and functionally compatible to VL16C452 

e Bidirectional printer port 

e Modem control signals(CTS-, RTS-, DSR-, DRT-, RI-, 
CD-) 

e Programmable character lengths (5, 6, 7, 8) 

e@ Even, odd, or parity bit generation and detection 

e Direct replacement of logic for PC/XT/AT 

e Status report register 

e Independent transmit and receiver coltrol 

e TL compatible inputs, outputs 

eFully compatible with all new bidirectional PS/2 
printer port 

e High data transfer rate 


Absolute Maximum Ratings 
AC = 


POO eee meee ener eee eer reese sere sat esees ean ae Serer sarenesresereenesnsesnsesessessedeosseneesenusenne 


ie eo eee ee i eee ee ee ee ee ee ee ee eo 


Applied Output Voltage : 05V~ Vee + 03V 
Applied Input Voltage = SV 7.0V 
Power ereane.. 500mW 


eee eee eee eee ee ee ee ee ee ey 


GM16C452 
(TOP VIEW) 


SPE PE! POET SE : aa G 


NN 
NDO 
WR2S 0 
: 5° 7 
Block eels 
RTSO 


BO SOUTO 
aR a INTO 


ESF 


DBo - DB r3 
8 
1 -RTS1 
Ri ™ -DTR1 
= ‘ > ———> _INT1 
Ros ™ 
DBO - DB7 | 
3 
vet Select 
LOR and BDO 
a Contro 
“RESET Logic 
8 
7 ive PD7 
-ER -A 
ERA Parallel -STB 
BUSY Port -SLIN 
AK. INT2 
“1CS82 
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SIGNAL DESCRIPTION 
Signal _ 
Name Signal Description | 
37 


lOW 


DBO- 
DB7 


Oo 


A0,A1,A2} 35,34,33 


CLK 


SOUTO | 26, 10 
SOUT 1 


-CTSO 
-CTS1 


28, 13 


DSRO | 31,5 
DSR1 


DTRO 
DTR1 


-RTSO 
-RTS1 


24, 12 


a) 
oak, 


30, 6 
-Rit 
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b. 


Input/Output Read Strobe: This is an active low input which causes the selected chan- 
nel to output data to the data bus (DBO-DB7). The data output depends upon the regis- 
ter selected by the address inputs A0,A1,A2. Chip select 0 (-CSO) selects UART #1, 
chip select 1 (-CS1) selects UART #2, and chip select 2 (-CS2) selects the line printer 
port. 


Input/Output Write Strobe: This is an active low input which causes data from the data 
bus (DBO-DB7)to be input to either UART or to the parallel port. The data input de- 
pends upon the register selected by the address inputs AO,A1,A2. The chip select in- 
puts (-CSO -CS1 -CS2) enable the UART#1, UART#2 and the parallel port(respectively). 


Data Bits DBO-DB7: The Data Bus provides eight, three state I/O lines for the transfer of 
data, control and stastus information between the GM16C452 and the CPU. These li- 
nes are normally in a high impedance state except during read operations. DO is the 
least significant bit (LSB) and is the first serial data bit to be received or transmitted. 


Address Lines AO-A2: The address lines select the internal registers during CPU bus 
operations. See Table 1 for the decode of the serial channels. Table11 for the decode 
of the parallel line printer port. 


Clock Input: The external clock input to the UART baud rate divisor. 


Serial Data Output: TNESE line iARE the serial data outputs from the UART’s transmmi- 
ter circuitry. A mark(1) is a logic "one" (high) and space (0) is a logic "zero"(low). Each 
SOUTO is held in the mark condition when the transmitter is disabled, Reset is true, the 
Transmitter Register is empty, or when in the Loop Mode. 


Clear to Send Inputs:The logical state of the -CTS pin is reflected in the CTS bit of the 
(MSR) Modem Status Register [CTS is bit 4 of the MSR, written MSR(4)] of each UART. 
A change of state in either -CTS pin, since the previous reading of the associated MSR 
causes the setting of DCTS [MSR(O)] fo each Modem Status Register. When a -CTS pin 
is low, the modem is indicating that data on the associated SOUTO can be transmitted. 


Data Set Ready Inputs:The logical state of the DSR pin is reflected in MSR(5) of its as- 
sociated Modem Status Register. DDSR[MSR(1)] indicates whether the associated DSR 
pin has changed state since the previous reading of the MSR. When a DSRO pin is low, 
the modem is indicating that it is ready to exchage data with the associated UART. 


Data Terminal Ready Lines: Each DTR pin can be set (low) by writing a logic 1 to 
MCR(0), Modem Control Register bit 0 of its associatedt UART. This signal is cleared 
(high) by writing a logic 0 to the DTR biti MCR(O)] or whenever a reset occurs. When ac- 
tive (low), the DTRO pin indicates to the DCE that its UART is ready to receive data. 


Requests to Send Output: The -RTS signal is an output on the UART used to enable the 
modem. An -RTS pin is set low by writing a logic 1 to MCR(1) bit 1 of its UART’s Mo- 
dem Control Register. Both -RTS pins are reset high by Reset. When active, an -RTS 
pin indicates to the DCE that its UART has data ready to transmit. In half duplex opera- 
tions,-RTS is used to control the direction of the line. 


Ring Indicator Input: When low, -R1 indicates that a telephone ringing signal has been 
received by the modem or data set. The -R1 signal is a modem control input whose 
condition is tested by reading MSR(6) (RI) of the UART. The Modem Ststus Register 
output TER1[MSR(2)] indicates whether the RI input has changed from high to low sin- 
ce the previous reading of the MSR. If the interrupt is enabled [IER(3)=1] and -R1 
changes from a high to low, an interrupt is generated. | 
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SIGNAL DESCRIPTION (Cont’d) 
Signal | 
pues Signal Description 


-LPTOE Line Printer Output Enable: This input signal enables the parallel line printer when it is 
low. When this signal is high, the pins of the line printer are held in a high-impedance 


state. This line may be tied to ground for normal line printer operation. 


SINO 
SIN1 


41,62 | Serial Data Input: The serial data inputs moves information from the communication li- 
ne or modem to the GM16C452 receiver circuits. A mark (1) is high, and a space (0) is 


low. Data on serial data inputs is disabled when operating in the loop mode. 


-RLSDO 
-RLSD1 


29, 8 Receive Line Signal Detect: When low, -RLSD output indicates that the data carrier has 
been detected by the modem or data set. -RLSD is modem input whose condition can 
be tested by the CPU by reading MSR(7)(RLSD) of the Modem Status Registers. 
MSR(3)(DRLSD) of the Modem Status Registers indicates whether the -RLSD input has 
changed since the previous reading of the MSR. -RLSD has no effect on the receiver. If 
the -RLSD changes state with the modem status interrupt enabled, an interrupt is gene- 


rated. 


-RESET | 39 Reset: Whem low, the reset input forces the GM16C452 into an idle mode in which all 
serial data activities are suspended. The Modem Control Register(mcr) along with its 
outputs is cleared. The Line Status Register(LSR) is cleared except for the THRE and 
TEMT bits, which are set. All functions of the device remain in an idle state until pro- 


grammed to resume serial data activities. 


INTO 
INT 1 


45,60 | Serial Channe} Interrupts: Each serial channel interrupt goes active (high) when one of 
the following interrupts has an active (high) condition and is enabled by the Interrupt 
Enable Register of its associated channel: Receiver Error flag. Received Data Avallable, 
Transmitter Holding Register Empty, and Modem Status. The interrupt is reset low 


upon appropriate service or a reset operation. 


Chip Selects: Each Chip Select input acts as an enable for the write and read signals 
for the serial channels O (-CSO) and 1 (-CS1), -CS2 enables the signals to the line prin- 
ter port. 


Bus Buffer Output: The active high output is asserted when this serial channel or the 
parallel port is read. This output can be used to control the system bus driver device 
(74LS245) 


a) 
nm 
oo 
& 


PDO- 53-46 Parallel Data Bits(O-7): These eight lines provide a byte-wide input or output port to the 

PD7 system. The eight lines are held in a high-impedance state when the port is not selec- 
ted (-CS2 is high). 

-STB Line Printer Strobe: This I/O line provides communication between the GM16C452 and 
the line printer. When it is active low, it provides the line printer with a signal to latch 
the data currently on the parallel port. 

-AFD Line Printer Autofeed: This I/O line privides the line printer with an active low signal 
when continuous from paper is to be autofeed to the printer. 

-INIT 57 Line Printer Initialize: This I/O line privides the line printer with a signal that allows the 
line printer initialization routine to be started. 
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SIGNAL DESCRIPTION (Cont’d) 


Signal Description 
Line Printer Select: This I/O line selects the printer when it is active low. | 


Interrupt Printer Port: This signal is an input line from the line printer that goes active 
high when an error signal is received. The interrupt is reset low upon a reset operation. 


Signal 


-SLIN 


INT2 


-ERR Line Printer Error: This is an input line from the line printer. The line printer reports an 
error by holding this line low during the error condition. This causes INT2 to be asser- 


ted high. 


Line Printer Selected: This is an input line from the line printer that goes high when the 
line printer has been selected. 


SLCT 


BUSY Line Printer Busy: This is an input line from the line printer that goes high when the line 


printer has a local operation in progress. 


Line Printer Paper Empty: This is an input line from the line printer that goes high when 
the printer runs out of paper, and causes INT2 to be asserted high. 


_ 7% 
m S < 
3 
® 
BREE 
N 


Line Printer Acknowledge: This input goes low to indicate a successful data transfer 
has taken place. 


VCC 20,40 Power Supply: The power supply requirement is 5V + 5% 
64 


2,7,9,22,| Ground (0 V): All pins must be tied to ground for proper operation. 
27 42,43 
54,61 


> 
3 
x 


4-40 


FUNCTIONAL DESCRIPTION 


Serial Channel Register 

Three types of internal registers are used in the serial 
channel of the GM16C452. They are used in the ope- 
rations of the divice, and are the control, status, and 
data registers. The control registers are the Bit Rate 
Select Register DLL (Divisor Latch LSB) and DLM(Di- 
visor Latch MSB), Line Control Register, Interrupt 
Enable Register, and the Modem Control Registers, 
while the status registers are the Line Status Registers 
and the Modem Status Register. The Data Registers 
are the Receiver Buffer Register and the Transmitter 
Holding Register. The Address, Read, and Write in- 
puts are used in conjunction with the Divisor Lacth 
Access Bit in the Line ControlRegister[LCR(7)] to se- 
lect the register to be written or read(see Table 1). In- 
dividual bits within these registers are referred to by 
the register mnemonic and the bit number in parent- 
hesis. An example, LCR(7) refers to Line Control Re- 
gister Bit 7. | 
The Transmitter Buffer Register and Receiver Buffer 
Register are data registers holding from five to eigth 
bits of data. If less than eight data bits are transmit- 
ted,data is right justified to the LSB. BIT O of a data 
word is always the first serial data bit received and 
transmitted. The GM16C452 data registers are dou- 
ble-buffered so that read and write operations can be 
performed at the same time the UART is performing 
the parallel-to-serial and serial-to-parallel conversion. 
The format of the data character is controlled by the 
Line Control Register. The contents of the LCR may 
be read,eliminating the need for separate storage of 


TABLE 1. SERIAL CHANNEL INTERNAL REGISTERS 


Mnemonic 


0 0 


GM16C452 


the line characteristics in system memory. The con- 
tents 
of the LCR are described below. 

LCR(0) Word Length Select Bit 0 (WLSO) 

LCR(1) Word Length Select Bit 1 (WLS1) 

LCR(2) Stop Bit Select (STB) 

LSR(S8) Parity Enable (PEN) 

LCR(4) Even Parity Select (EPS) 

LCR(5) Stick Parity 

LCR(6) Set Break 

LCR(7) Divisor Latch Access Bit (DLAB) 
LCR(O) and LCR(1) word length select Bit 1 : The 
number of bits in each serial character is program- 
med as shown in the following chart: 


LCR(1) LCR(0) Word Length 
0 0 5 Bits 
0 1 6 Bits 
1 0 7 Bits 


1 1 8 Bits 

LCR(2) Stop Bit Select: LCR(2) specifies the number 
of stop bits in each transmitted character. If LCR(2) is 
a logic 0, one stop bit is generated in the transmitted 
data. If LCR(2) is a logic 1 when a 5-bit word length is 
select, 1.5 stop bits are generated. If LCR(2) is a logic 
1 when either a 6-,7-, or 8 bit word length is selected, 
two stop bits are generated. The receiver checks for 
two stop bits if programmed. 

LCR(3) Parity Enable: When LCR(3) is high, a parity 
bit between the last data word bit and stop bit is ge- 
nerated and checked. 

LCR(4) Even Parity Select: When Parity is enable 
[LCR(3) = 1]; LCR(4) =0 
selects odd parity, 
And LCR(4) =1 selects 


even parity. 


Register — 


0 0 Receiver Buffer Register (read only) 

0 0 0 0 Transmitter Holding Register (write only) LCR(5) Stick Parity: 

0 0 0 1 Interrupt Enable Register _ When parity is enable 

X 0 1 0 Interrupt Idenitification Register (read only) . - 

Xx 0 1 1 Line Control Register [LCR(S) 1],CLR(S) ; 

X 1 | 0] 0 Modem Control Register causes: “te: ‘Wansmis- 

Xx 1 0 1 Line Status Register sion and reception of 

X 1 |; 1 | 0 asabath iota Register a parity bit to be in the 

Xx 1 1 1 ratch Register , 

1 |ol]ol]o Divisor Latch (LSB) Opposite Pana oe 

1 o;/o]} 1 Divisor Latch (MSB) that indicate y 
X = "Don’t Care", 0 = Logic Low, 1 = Logic High LCR(4). 


Note: Serial Channel 0 is accessed when -CSO is low; 
when -CS1 is low. Selecting both the channels simultaneously is an invalid condition. 


Serial Channel 1 is accessed 
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FIGURE 7. LINE CONTROL REGISTER 


This allows the user to force parity to a known state 
and for the receiver to check the parity bit in a known 
state. 


LCR(6) Break Control: When LCR(6) is set to a logic 
"1", the serial output (SOUT) is forced to the spacing 
(logic 0) state. The break is disabled by setting 
LCR(6) to a logic "0". The Break Control bit acts only 
on SOUT and has no effect on the transmitter logic. 
Break Control enables the CPU to alert a terminal in a 
computer communications system. If the following 
sequence is used, no erroneous or extraneous cha- 
racters will be transmitted because of the break. 

1. Load an all "O"s pad character in response to 

THRE. 2. Set break in response to the next THRE. 

2. Set break in response to the next THRE 

3. Wait for the transmitter to be idle (TEMT = 1), and 

clear break when normal transmission has to be 

restored. 
LCR(7) Divisor Latch Access Bit (DLAB): LCR(7) must 
be set high (logic"1") to access the Divisor Latches 
DLL and DLM of the Baud Rate Generator during a re- 
ad or write operation. LCR(7) must be input low to ac- 
cess the Receiver Buffer, the Transmitter Holding, or 
the Interrupt Enable Registers. 


Word - 00 - 5 an 
Length O 1=6 Data its 
1 0 = 7 Data Bits 
Select . 
1 1 = 8 Data Bits 
Stop O = 1 Stop Bit 
Bit Select 1 = 1.5 Stop Bits if 5 Data Bits Selected 
2 Stop Bits if 6, 7, 8 Data Bits Selecte 
Parity O = Parity Disabled 
Enable 1 = Parity Enabled 
Even 0 = Odd Parity 
Parity 1 = Even Parity 
Select 
Stick 0 = Stick Parity Disabled 
Parity 1 = Stick Parity Enabled 
Break O = Break Disabled 
Control 14 = Break Enabled 
Divisor Q = Access Receiver Buffer 
Latch 1 = Access Divisor Latches 
Access Bit 


The Line Status Register (LSR) is a single register that 
provides status indications. The LSR is usually the 
first register read by the CPU to determine the cause 
of an interrupt or to poll the status of each serial 
channel of the GM16C452. 

Three error flags OE,FE, and PE provide the status of 
any error conditions detected in the receiver circuitry. 
During reception of the stop bits, the error flags are 
set high by an error condition. The error flags are not 
reset by the absence of an error condition in the next 
received character. The flags reflect the last character 
only if no overrun occurred. The Overrun Error (OE) 
indicates that a character in the Receiver Buffer Re- 
gister has been overwritten by a character from the 
Receiver Shift Register before being read by the CPU. 
The character is thereby lost. Framing Error (FE) indi- 
cates that the last character received contained inco- 
rrect (low) stop bits. This is caused by the absence of 
the required stop bit or by a stop bit too short to be 
detected. Parity Error (PE) indicates that the last cha- 
racter received had a parity error based on the pro- 
grammed and calculated parity of the received cha- 
racter. 

The Break Interrupt (BI) status bit indicates that the 
last character received was a break character. A break 


a_i ts tpunsssnasunssreseneeseneenes 
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TABLE 2. LINE STATUS REGISTER BITS 


LSR BITS 


LSR(0) Data Ready(DR) 
LSR(1) Overrun Error(OE) 

LSR(2) Parity Error(PE) 

LSR(3) Framing Error(FE) 

LSR(4) Break Interrupt(Bl) 

LSR(5) Transmitter Holding Register Empty(THRE) 
LSR(6) Transmitter Empty(TEMY) 

LSR(7) Not Used 


character is an invalid data character. However, it is 
an entire character, including parity and stop bits. 
The Transmitter Holding Register Empty (THRE) bit 
indicates that the THR register is empty and may re- 
ceive another character. The Transmission Shift Re- 
gister Empty (TEMT) bit indicates that the Transmitter 
Shift Register is empty, and the seriel channel has 
completed transmission of the last character to be 
sent. If the interrupt is enabled [IER(1)], an active 
THRE causes an interrupt (INTRPT). 

The Data Ready (DR) bit indicates that the RBR has 
been loaded with a received character (including 
Break ) and that the CPU may access this data. 
Reading the LSR clears LSR(1) - LSR(4). (OE,PE,FE, 
and Bl). The contents of the Line Status Register 
shown in Table 2 are described below: 

LSR(O) Data Ready (DR): Data Ready is set high when 
an incoming character has been received and trans- 
ferred into the Receiver Buffer Register. LSR(0) is re- 
set low by a CPU read of the data in the Receiver Buf- 
fer Register. 

LSR(1) Overrun Error (OE): Overrun Error indicates 
that data in the Receiver Buffer Register was not read 
by the CPU before the next character was tranferred 
into the Receiver Buffer Register, overwriting the pre- 
vious character. The OE indicator is reset whenever 
the CPU reads the contents 
of the Line Status Register. 
LSR(2) Parity Error (PE): 
Parity Error indicates that 
the received data character 
does not have the correct 
even or odd parity, as se- 
lected by the Even Parity 
Select bit (LSR(4)). The PE 
bit is set high upon detec- 
tion of a parity error, and is 


MCR(2) 0 


MCR BITS 


MCR(0) Data terminal Ready(DCR) 
MCR(1) Request to Send(RTS) 


MCR(3) Interupt(INT) Enable 
MCR(4) Loop 
MCR(5) 0 
MCR{6) 0 
MCR(7) 0 


reset low when the CPU reads © 
the contents of the LSR. 
LSR(3) Framing Error (FE): 
Framing Error indicates that 
the received character did not 
have a valid stop bit. LSR(3) is 
set high when the stop bit fo- 
llowing the last data bit or pa- 
rity bit is detected as a zero bit 
(spacing level). The FE indica- 
tor is reset low when the CPU 
reads the contents of the LSR. 

LSR(4) Break Interrupt (BI): Break Interrupt is set high 
when the received data input is held in the spacing 
(logic 0) state for longer than a full word transmission 
time (start Bit + Data Bits + Parity + Stop Bits). The 
BI indicator is reset when the CPU reads the contents 
of the Line Status Register. 

LSR(1) - LSR(4) are the error conditions that produce 
a Receiver Line Status interrupt (priority 1 interrupt in 
the Interrupt Identification Register (IIR)) when any of 
the conditions are detected. This interrupt is enabled 
by setting IER(2) =1/ in the Interrupt Enable Register. 
LSR(5) Transmitter Holding Register Empty (THRE): 
THRE indicates that the GM16C450 is ready to accept 
a new character for transmission. The THRE bit is set 
high when a character is transferred from the Trans- 
mitter Holding Register into the Transmitter Shift Re- 
gister. LSR(5) is reset low by the loading of the Trans- 
mitter Holding Register by the CPU. LSR(5) is not 
reset by a CPU read of the LSR. 

When the THRE interrupt is enable (IER(1) = 1). THRE 
causes a priority 3 interrupt in the IIR. If THRE is the 
interrupt source indicated in IIR, INTRPT | is Cleared by 
a read of the IIR. 

LSR(6) Transmitter Empty (TEMT): TEMT is set high 
when the Transmitter Holding Register (THR) and the . 


Not Ready 
No Error 
No error 
No Error 
No Break 
Not Empty 
Not Empty 


TABLE 3. MODEM CONTROL REGISTER BITS 


LOGIC 0 


-DTR Output High 
-Rts Output High 


LOGIC 1 
-DTR Output Low 
-RTS Output Low 


INT Disabled 
Loop Disabled 


INT Enabled 
Loop Enabled 
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FIGURE 2. MODEM CONTROL REGISTER 


Modem Control Register (MCR) 


fecal eect ease cel 


Transmitter Shift Register (TSR) are both empty. 
LSR(6) is reset low when a character is loaded into 
the THR and remains low until the character is trans- 
ferred out of SOUT. TEMT is not reset low by a CPU 
read of the LSR. 

LSR(7): This bit is always 0. 

The Modem Control Register (MCR) controls the in- 
terface with the modem or data set as described in 
Table 3. The MCR can be written and read. The -RTS 
and -DTR outputs are directly controlled by thier con- 
trol bits in this register. A high input asserts a low 
(true) at the output pins. MCR Bits 0,1,3 and 4 are 
shown below: 

MCR(0): When MCR(0) is set high, the -DTR output is 
forced low. When MCR(Q) is reset low,the -DTR out- 
put is forced high. The -DTR output of the serial chan- 
nel may be input into an inverting line driver in order 
to obtain the proper polarity input at the modem or 
data set. 

MCGR(1): When MCR(1) is set high, the RTS output is 
_ forced low. When MCR(1) is reset low, the -RTS out- 
put is forced high. The -RTS | 
output of the serial channel 
may be input into an inver- 
ting line driver in order to ob- 
tain the proper polarity input 
at the modem or data set. 
MCR(3): When MCR(3) is set 
high, the INT output is ena- 
bled. 

MCR(4): MCR(4) provides a 
local loopback feature for 
diagnostic testing of the 


MSR BITS 


Data 0 = -DTR Output High (Inactive) 
Terminal 1 = -DTR Output Low (Active) 
Ready 
Request 0 = -RTS Output High (Inactive) 
To Send 1 = -RTS Output Low (Active) 
— NC Not Connected 

INT 0 = INT Disabled 

1 = INT Enabled 
LOOP 0 Loop Disabled 


1 Loop Enabled 


These Bits are Permanently Set to Logic "0" 


channel. Wher MCR(4) is set high, Serial Output 
(SOUT) is set to the marking (logic "1") state, and the 
receiver data input Serial Inpit (SIN) is disconnected. 
The output of the Transmitter Shift Register is looped 
back into the Receiver Shift Register input. The three 
modem control inputs (-CTS,-DSR, and -RI) are dis- 
connected. The modem control outputs (-DTR and - 
RTS) are internally connected to the four modem 
control inputs. The modem control output pins are 
forces to thier inactive state (high). 

In the Diagnostic mode, data transmitted is immedia- 
tely received. This allow the processor to verify the 
transmit and receive data paths of the selected serial 
channel. Bits MCR(5) -MCR(7) are permanently set to 
logic 0. 

The MSR provides the CPU with status of the modem 
input lines from the modem or peripheral devices. 
The MSR allows the CPU to read the serial channel 
modem signal inputs by accessing the data bus inter- 
face of the GM16C451. In addition to the current sta- 
tus information, four bits of the MSR indicate whether 

Delta Clear to Send 


Delta Data Set Ready 


Trailing Edge of Ring Indicator | 
Delta Data Carrier Detect | 
| 


TABLE 4. MODEM STATUS REGISTER BITS 


Mnemonic Description 


Clear to Send 

Data Set Ready 

Ring Indicator 

Receiver Line Signal Detect 
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the modem inputs have changed since the last re- 
ading of the MSR. The Delta Status Bits are set high 
when a control input from the modem changes state, 
and reset low when the CPU reads the MSR. 


The modem input lines for each channel are -CTS,- 
DSR,-RI and -RLSD. MSR(4) -MSR(7) are status indi- 
cations of these lines. The status indications follow 
the status of the input lines. If the modem status inte- 
rrupt in the Interrupt Enable Register is enabled 
[IER(3)], a change of state in a modem input signals 
will be reflected by the modem staus bits in the IIR re- 
gister, and an interrupt (INTRPT) is generated. The 
MSR is a priority 4 interrupt. The contents of the Mo- 
dem Status Register are described in Table 4. Note 
that the state (high or low) of the status bits are inver- 
ted versions of the actual input pins. 

MSR(0) Delta Clear to Send (DCTS): DCTS indicates 
that the -CTS input to the serial channal has changed 
state since the last time it was read by the CPU. 
MSR(1) Delta Data Set Ready (DDSR): DDSR indica- 
tes that the -DSR input to the serial channel has chan- 
ged state since the last time it was read by the CPU. 
MSR(2) Trailing Edge of Ring Indicator (TERI): TERI 
indicates that the -RI input to the serial channel has 
changed state from high to low since the last time it 
was read by the CPU. Low to high transitions on -R10 
do not activate TERI. 

MSR(3) Delta Data Carrier Detect (DRSLD): DRSLD in- 
dicates that the -RSLD input to the serial channel has 
changed state since the last time it was read by the 
CPU. 

MSR(4) Clear to Send (CTS): Clear to Send (CTS) is 
the stasus of the -CTS input from the modem indica- 
ting to the serial channel that the modem is ready to 
receice data from the serial channel’s transmitter out- 
put (SOUT). If the serial channel is in loop mode 
[MSR(4) = 1], MSR(4) is equivalent to -RTS in the 
MCR. | 
~ MSR(5) Data Set Ready (DSR): Data Set Ready (DSR) 
is a status of the -DSR input from the modem to the 
serial channel which indicates that the modem is re- 
ady to provide received data to the serial channel re- 
ceiver circuitry. If the channel is in the loop mode 
[MCR(4) =1], MSR(5) is equivalent to DTR in the 
MCR. 

MSR(6) Ring Indicator: Indicates the status of the Rl 
input (pin 39). If the channel is in the loop mode 


GM1 6C452 


[MCR(4) = 1], MSR(6) is not connected in the MCR. 
MSR(7) Receive Line Signal Detect: Receive Line Sig- 
nal Detect indicates the status of the Receive Line 
Signal Detect (-RLSD) input. If the channel is in the 
loop mode [MCR(4)=1], MSR(4) is equivalent to 
Out2 of the MCR. 

The modem status inputs (-RI,-RLSD, -DSR, and - 
CTS) reflect the modem input lines with any change 
of status. Reading the MSR register will clear the del- 
ta modem status indications but has no effect on the 
status bits. The status bits reflect the state of the in- 
put pins regardless of the mark control signals. If a 
DCTS,DDSR,TERI, or DRLSD are true and a state 
change occurs during a read operation( -DISTR), the 
state change is not indicated in the MSR. If DCTS, 
DDSR,TERI, or DRLSD are false, and a state change 
occurs during a read operation, the state change is 
indicated after the read operation. 

For LSR and MSR, the setting of status bits is inhibi- 
ted during status register read -DISTR operations. If a 
status conditicn is generated during a read -DISTR 
operation, the status bit is not set until the trailing ed- 
ge of the read -DISTR. 

If a status bit is set during a read -DISTR operation, 
and the same status condition occurs, that status bit 
will be cleared at the trailing edge of the read -DISTR 
instead of being set again. 

Each GM16C452 serial channel contains a program- 
mable Baud Rate Generator (BRG) that divides the 
clock (DC to 3.1 MHz)by any divisor from 1 to 2 to the 
power of 16-1(see also BRG description). The output 
frequency of the Baud Generator is 16x the data rate 
[DIVISOR # = Clock + (Baud Rate x 16)] Two 8 bit 
divisor latch registers store the divisor in a 16 bit bi- 
nary format. These Divisor Latch Register must be 
loaded during initialization. Upon loading either of 
the Divisor Latches, a 16-bit baud counter is imme- 
diately loaded. This prevents long counts on initial 
load. 

The receiver circuitry in each serial channel of the 
GM16C452 is programmable for 5,6,7 or 8 data bits 
per character. For words of less than 8 bits, the data 
is right justified to the least significant bit LSB = Data 
Bit O [RBR(0)]. Data Bit 0 of a data word [RBR(0)] is 
the first data bit received. The unused bits in a cha- 
racter less than 8 bit are output low to the parallel 
output by the serial channel. 

Received data at the SIN input pin is shifted into the 
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Receiver Shift Register by the 16x clock provided at 

the RCLK input. This clock is sinchronized to the inco- 
ming data based on the position of the start bit. 
When a complete character is shifted into the Recei- 
ver Shift Register , the assembled data bits are para- 
llel loaded into the Receiver Buffer Register. The DR 
flag in the LSR register is set. 
Double buffering of the received data permits conti- 
nuous reception of data without losing received data. 
_ While the Receiver Shift Register is shifting a new 
character into the serial channel, the Receiver Buffer 
Register is holding a previously received character for 
the CPU to read. Failure to read the data in the RBR 
before complete reception of the next character result 
in the low of the data in the Receiver Register. The 
OE flag in the LSR register indicates the overrun con- 
dition. 


RBR Bits 0 Thru 7: 


bits at the microprocessor data bus are ignored by 
the transmitter. 

Data Bit O [THR(0)] is the first serial data bit transmit- 
ted. The THRE flag [LSR(5)] reflect the status of the 
THR. The TEMT flag [LSR(5)] indicates if both the 
THR and TSR are empty. 


THR Bits thru 7 


THR(0) DATA BIT O 


THR(1) 
THR(2) 
THR(3) 
THR(4) 
THR(5) 
THR(6) 
THR(7) 


DATA BIT 1 
DATA BIT 2 
DATA BIT 3 
DATA BIT 4 
DATA BIT 5 
DATA BIT 6 
DATA. BIT 7 


RBR(O) 
RBR(1) 
RBR(2) 
RBR(3) 
~ RBR(4) 
RBR(5) 


DATA BIT 0 
DATA BIT 1 
DATA BIT 2 
DATA BIT 3 
DATA BIT 4 
DATA BIT 5 


RBR(6) DATA BIT 6 
RBR(7) DATA BIT 7 


The Transmitter Holding Register (THR) holds parallel 
data from the data bus (DO-D7) until the Transmitter 
Shift Register is empty and ready to accept a new 
character for Transmission. The transmitter and recei- 
ver word length and number of stop bits are the sa- 
me. If the character is less than eight bits, unused 
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Scratchpad Register is an 8 bit Read/Write register 
that has no effect on any channel in the GM16C452. It 
is intended as a scratchpad register to be used by the 
programmer to hold data temporarily. 


SCR Bits 0 thru 7 


SCR(O)DATA BIT 0 
SCR(1) DATA BIT 1 
SCR(2) DATA BIT 2 
SCR(3) DATA BIT 3 
SCR(4) DATA BIT 4 
SCR(5) DATA BIT 5 
SCR(6) DATA BIT 6 
SCR(7) DATA BIT 7 


GM16C452 


TABLE 5. INTERRUPT IDENTIFICATION REGISTER , 


INTERRUPT IDENTIFICATION INTERRUPT SET AND RESET FUNCTIONS 


Priority Interrupt Interrupt Interrupr 
level Flag Source Reset Control 


None None 


LSR Read 


OE, PE 
FE, or Bl 


Receiver 
Line Status 


First 


Received Data | RBR Read 


Available 


Received Data 
Available 


Second 


Third THRE THRE 


IIR Read if THRE is the in- 
terruupt Source or THR 
Write 


-CTS,-DSR 
-RI, -RSLD 


Modem Status MSR Read 


x = Not Defined 


FIGURE 3. INTERRUPT CONTROL LOGIC 


DR (LSR BIT 0) 
ERBFI (IER BIT 0) , ~~ 


THRE (LSR BIT 5) 
ETBEI (IER BIT 1) tO 
> 
OE (LSR BIT 1) Output 


PE(LSRBIT2) _ 


FE (LSR BIT 3) -, 
BI (LSR BIT 4) 


ELSI (IER BIT 1) 
DCTS (MSR BIT 0) 
DDSR (MSR BIT 1) 


TERI (MSR BIT 2) 
DDCD (MSR BIT 3) 


EDSSI (IER BIT 3) 


Interrupt Enable (MCR BIT 3) 
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TABLE 6. SERIAL CHANNEL ACCESSIBLE REGISTERS 


Register Bit Number 
Data | Data Data Data | Data Data _ | 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 
THR Data Data Data Data Data Data 
(Write Only) | Bit7 | Bité6 Bit 5 Bit4 | Bit3 Bit 2 


Br [ore —faris erie 


Enable 
Receiver 


Transmitter | Received 


Line Holding Data 
Interrupt Status Register Available 
Interrupt | Empty Interrupt 
Interrupt 


IIR 
(Read Only) 


“OF 1 F 
Interrupt 
Pending 


Interrupt 


Interrupt 
ID 


Bit(1) 


Bit 1 


Set Stick (PEN) (WLSB1) 
Break Parity Parity Word 
Enable Length 
Select Select 


(RTS) (DTR) 


Request Data 
To Terminal 
Send Ready 


(FE) 
Framing 
Error 


(TEMT) ) 


(Bl) 
Break 


Interrupt 


(O/e) 
Overrun 
Error 


Register 
Empty 


(DCD) 
Data 
Carrier 


(DRSLD) 
Delta 

Indicator Receive 

Detect Line Signal | Ring 

Detect Indicator | Ready 


ee ee 


LSB Data Bit 0 is the first bit transmitted or received. 


(TERI) 
Trailing 
Edge 
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INTERRUPTS 


The Interrupt Identification Register (IIR) in the serial 
channel of the GM16C452 has interrupt capability for 
interfacing to current microprocessors. In order to mi- 
nimize software overhead during data character 
transfers, the serial channel prioritizes interrupts into 
four levels. The four levels of interrupt conditions are 
as follows: 


1. Receiver Line Status (priority 1) 

2. Received Data Ready (priority 2) 

3. Transmitter Holing Register Empty (priority 3) 
4, Modem Status (priority 4) 


Information indicating that a prioritized interrupt is 
pending and the type of interrupt is stored in the Inte- 
rrupt Identification Register (IIR). When addressed du- 
ring chip select time, The IIR indicates the highest 
priority interrupt pending. No other interrupts are ac- 
knowledged until the interrupt is serviced by the CPU. 
The logic equivalent of the interrupt control circuit is 
shown in the Figure 3. The contents of the IIR are in- 
dicated in Table 5 and are described below. 


[IR(O): IIR(O) can be used in either as hard wired prio- 
ritized or polled environment to indicate whether an 
interrupt is pending. When IIR(0) is low, an interrupt is 
pending, and IIR contents may be used as a pointer 


to the appropriate interrupt service routine. When. 


IIR(O) is high, no interrupt is pending. 


lIR(1) and IIR(2) are used to identify the highest prio- 
rity interrupt pending as indicated in Table 2. 


IIR(3) - IIR(7): These five bits of the IIR are logic 0. 


The Interrupt Enable Register (IER) is a Write Register 
used to independently enable the four serial channel 
interrupts which activate the interrupt (INTRPT) out- 
put. All interrupts are disables by resetting IER(O) - 
IER(3) of the Interrupt Enable Register. Interrupts are 
enabled by setting the appropriate bits of the IER 
high. Disabling the interrupt system inhibits the Inte- 
rrupt Identification Register and the active (high) 
INTRPT output. All other system functions operate in 


thier normal manner, including the setting of the Line 
Status and Modem Status Registers. The contents of 
the Interrupt Enable Register are indicated in Table 3 
and are described below. 


IER(O): When programmed high [IER(0)=LOGIC 1], 
IER(0) enables Received Data Available Interrupt. 
IER(1): When programmed high [IER(1)=LOGIC 1], 
IER(1) enables the Transmitter Holding Register 
Empty Interrupt. 

lER(2): When programmed high [IER(2) =LOGIC 1] 
IER(2) enables Receiver Line Status Interrupt. 

lER(3): When programmed high [IER(3) =LOGIC 1]. 
IER(3) enables the Modem Status Interrupt. 

IER(4) - IER(7): These four bits of the IER are logic 0. 


TRANSMITTER 


The serial transmitter section consists of a Transmit- 
ter Holding Register (THR), Transmitter Shift Regis- 
ter(TSR),and associated control logic. The Transmit- 
ter Holding Register Empty (THRE) and Tramsmittrer 
Shift Register Empty (TEMT) are two bits in the Line 
Status Register which indicate the status of THR and 
TSR. To transmit a 5- to -8 bit word, the word is writ- 
ten through DO-D7 to the THR. The microprocessor 
should perform a write operation only if THRE is high. 
The THRE is set high when the word is automatically 
transferred from the THR to the TSR during the trans- 
mission of the start bit. 


When the transmitter is idle, both THRE and TEMT 
are high. The first word write written causes THRE to 
be reset to 0. After completion of the transfer, THRE 
returns high. TEMT remains low for at least the dura- 
tion of the transmission of the data word. If a second 
character is transmitted to the THR, the THRE is reset 
low. Since the data word cannot be transferred from 
the THR to the TSR until the TSR is empty, THRE re- 
mains low until the TSR has completed transmission 
of the word. When the last word has been transmitted 
out of the TSR, TEMT is set high. THRE is set high 
one THR to TSR transfer time later. 
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RECEIVER 


Serial asynchronous data is input into the SIN pin. 
The idle state of the line providing the input into SIN 
is high. A start bit detect circuit continually searches 
for a high to low transition from the idle state. When 
the transition is detected, a counter is reset, and 
counts the 16x clock to 7 1/2, which is the center of 
the start bit. The start bit is valid if the SIN is still low 
at the mid-bit sample of the start bit. Verifying the 
start bit prevents the receiver from assembling an in- 
correct data character due to a low going noise spike 
on the SIN input. 


The Line Control Register determines the number of 
data bits in a character (LCR(0),LCR(1)), number of 
Stop bits LCR(2), if parity is used LCR(3), and the po- 
larity of parity LCR(4). Status information for the re- 
ceiver is provided in the Line Status Register to the 
Receiver Buffer Register, the Data Received indica- 
tion in LSR(O) is set high. The CPU reads the Receiver 
Buffer Register through DO-D7. This read resets 
LSR(0). If DO-D7 are not read prior to a new character 
transfer from the RSR to the RBR, the overrun error 
Status indication is set in LSR(1). The parity check 
tests for even or odd parity on the parity bit, which 
precedes the first stop bit. If there is a parity error, the 
parity error is set in LSR(2). There is circuitry which 
tests whether the stop bit is high. If it is not, a framing 
error indication is generated in LSR(3) 


The center of the start bit is defined as clock count 7 
1/2. If the data into SIN is symmertrical square wave, 


the center of the data cells will occur within +3.125% 
of the actual center, providing an error margin of 


46.875%. The start bit can begin as much as one 16x 
clock cycle prior to being detected. 


BAUD RATE GENERATOR (BRG) 


The BRG generates the clocking for the UART func- 
tion, providing standard ANSI/CCITT bit rates. The os- 
cillator driving the BRG is provided by an external 
clock into CLK. 


The data rate is determined by the Divisor Latch re- 
gisters registers DLL and DLM and the external fre- 
quency. The bit rate is selected by programming the 


two Divisor Latches, Divisor Latch Most Significant 
Byte and Division Latch Least Significant Byte. Set- 
ting DLL=1 and DLM=0 selects the divisor to divide 
by 1 ( divide by 1 gives maximum baud rate for a gi- 
ven input frequency at the CLK input). 


The BRG can use any of three different popular fre- 
quencies to provide standard baud rates. These fre- 
quencies are 1.8432MHz, 2.4576MHz, 3.072MHz. 
With these frequencies, standard bit rates from 50 to 
38.5kbps are available. Tables 7,8,9 illusrate the divi- 
sors needed to obtain standard rates using these 
three crystal frequencies. 


RESET 


After power up, the GM16C451 -Reset input (MR) 
should be held low for 500ns to reset the GM16C451 
circuits to an idle mode until initialization. A low on 
-Reset causes the following 


1.Initialzes the transmitter and receiver internal clock 
counters. 

2.Clears the Line Stastus Register (LSR), except for 
Transmitter Shift Register Empty (TEMT) and Trans- 
mit Holding Register Empty (THRE), which are set. 
The Modem Control Register (MCR) is also cleared. 
All of the discrete lines, memory elements and misce- 
llaneous logic associated with these register bits are 
also cleared or turned off. The Line Control Register 
(LCR), Divisor Latches, Receiver Buffer Register, 
Transmitter Buffer Register are not effected. 


Following removal of The reset condition (Reset 
high), The GM16C451 remains in the idle mode until 
programmed. 


A hardware reset of the GM16C451 sets the THRE 
and TEMT status bit in the LSR. When Interrupts are 
subsequently enabled, an interrupt occurs due to 
THRE. 


A summary of the effect of a reset on the GM16C451 
is given in Table 10. 


— SSSSeSeSeSSSeSSFSSSSSSSSSSSSSSSSSEEeee 
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PROGRAMMING 


Each serial channel of the GM16C451 is programmed by the control registers LCR,IER,DLL and DLM,MCR. 
These control words define the character length, number of stop bits, parity, baud rate, and modem interfa- 
ce. While the control register can be written in any order, the IER should be written to last because it controls 
the interrupt enables. Once a serial channel is programmed and operational, these registers can be updated 
any time the GM16C451 serial channel is not transmitting or receiving data. 

The control signals required to access each serial channel’s internal registers are shown below. 


SOFTWARE RESET 


A software reset of the serial channel is a useful method for returning to a completely known state without a 
system reset. Such a reset consists of writing to the LCR, Divisor Latches, and MCR registers. The LSR and 
RBR registers should be read prior to enabling interrupts in order to clear out any residual data or status bits 
which may be invalid for subsequent operation. 


CLOCK INPUT OPERATION 


The maximum input frequency of the external clock of the GM16C452 is 3.1MHz 


TABLE 7. BAUD RATES (1.8432 MHz CLOCK) 


P t Error Difference 
Desired Baud Rate Berea Desired and Actual 
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TABLE 8. BAUD RATES (2.4576 MHz CLOCK) 


) : if 
Desired Baud Rate Divisor Used Between Desired and Actua 


Percent Error Difference 
Between Desired and Actual 
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TABLE 10. RESET 


Regsiter/Signal 
INTERRUPT ENABLE REGISTER 
INTERRUPT IDENTIFICATION 
REGISTER 
LINE CONTROL REGISTER 
MODEM CONTROL REGISTER 
LINE STATUS REGISTER 
MODEM STATUS REGISTER 


SOUT 


INTRPT(RCVR ERRS) 
INTRPT(RCVR Data Ready) 
INTRPT (THRE) 


INTRPT(MODEM STATUS CHANGES) 
-OUT2 

-RTS 

-DTR 

-OUT1 


DEVICE APPLICATION 


Reset Control 


RESET 
RESET 
RESET 
RESET 
RESET 
RESET 


RESET 


READ LSR/RESET 
READ RBR/RESET 
READ |IR/WRITE 
THR/RESET 

READ MSR/RESET 


RESET 
RESET 
RESET 
RESET 


GM16C451 


DATA 
BUS 


ADDR 
BUS 


CTL 
BUS 


OPTION 
JUMPERS 


UART AND 
PRINTER 


PORT 


HIGH 
LOW 
LOW 
LOW 


LOW 
HIGH 
HIGH 
HIGH 
HIGH 


SERIAL 
CHANNEL 0 
BUFFERS 


SERIAL 
CHANNEL 1 
BUFFERS 


PORT 


GM16C452 


9-PIN 
"—D" 
CONN 


9-PIN 
"D" 
CONN 


25-PIN 
"D" 
CONN 


ALL BITS LOW (0-3 FORCED AND 4- 
7 PERMANENT) 
BIT 0 IS HIGH, BITS 1 AND 2 LOW 
BITS 3-7 ARE PERMANENTLY LOW 
ALL BITS LOW 
ALL BITS LOW 
ALL BITS LOW, EXCEPT BITS 5 AND 
6 HIGH 

BITS 0-3 LOW 
BITS 4-7 INPUT SIGNAL 
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FUNCTIONAL DESCRIPTION 


PARALLEL PORT REGISTERS 

The GM16C452’s parallel port interfaces the device to a Centronics style printer. When Chip Select 2 (-CS2) is 
low, the parallel port is selected. Table 11 shows the registers accociated with this parallel port. The read or 
write function of the register is controlled by the state of the read (-IOR) and write (-LOW) pin as shown. The 
top four registers are read-only registers, and the bottom four are write-only registers. Since the parallel port 
is bidirectional, the first register (READ PORT) allows the microprocessor to read the information on the para- 
llel bus. The second register (READ STATUS) allows the microprocessor to read the status of the printer in the 
five most significant bits. The status bits are Printer Busy (BUSY), Acknowledge (ACK) which is a handshake 
function, Paper Empty (PE), Printer Selected (SLCT), and Error (ERROR). The third register (READ CON- 
TROL) functions are duplicated in the sixth register (WRITE CONTROL). The control bits are found in the five 
least significant bits of these registers. They are interrupt Enable (IRQ ENB), Select In (SLIN), Initialize the 
Pdrinter (INIT), Autofeed the Paper (AUTOFD), Strobe (STROBE), which informs the printer of the presence of 
a valid byte on the parallel bus. The fifth register (WRITE PORT) allows the microprocessor to write a byte to 
the printer. 

The parallel port is completely compatible with the parallel port implementation used in the IBM Serial/Para- 
llel Adaptor. 


TABLE 11. PARALLEL PORT REGISTERS 


Register Register Bits 


Register Seiected 


Read Status 


pO Read Control 
ee 
oe 


Write Control - 


GM16C452 


AC CHARACTERISTICS TA= 0°C to +70°C, VCC = 5V +5% (Note 1,5) 


swe] pee anf] coven 
[ow [iste srrose wort a ae 
[we | isTaToRComN oATAWOTH YO 
[wow |-posrasrrosewore fom 

oe 

co — 
ce Ne 


| TRA ADDRESS HOLD TIME FROM -DISTR 
er era merNe | aT 
-DISTR DELAY FROM ADDRESS | 60 

ea 


-DISTR DELAY FROM CHIP SELECT 
tWA ADDRESS HOLD TIME FROM -DOSTR 


CHIP SELECT HOLD TIME FROM -DOSTR 
ee 
nd 
=| 1 fence 
EXTERNAL CLOCK 


tXH DURATION OF CLOCK HIGH PULSE 140 
XL EXTERNAL CLOCK 
NOTES : 1. RCLK IS INTERNALLY DERIVED FROM THE INTERNAL -BAUDOUT SIGNAL. 


DURATION OF CLOCK LOW PULSE 140 
2. THE INTERNAL ADDRESS STROBE IS ALWAYS ACTIVE. 
3. ROLK = tXH AND tXL. . 
4. CHARGE AND DISCHARGE TIME IS DETERMINED BY VOL, VOH AND THE EXTERNAL LOADING. 
5. ALL TIMING ARE REFERENCED TO VAILD 0 AND 1. (SEE AC TEST POINTS.) 


6. ALL TIMING SPECIFICATIONS APPLY TO PINS ON BOTH SERIAL CHANNELS (e.g. RI REFERS 
TO BOTH R10 AND R11). 


i 
i 
zs 
p te NOTE2 
zs 
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AC CHARCTERISTICS (Cont.) TA = 0°C TO 70°C, VCC = 5V +5% (Note 1, 5) 


svMeoi] PARAMETER ——_—_‘[MIN|Max|_UNTS | CONDITIONS 


Transmitter 
tHR1 DELAY FROM RISING EDGE OF DOSTR 175 100pF LOAD 
(WR THR) TO RESET INTERRUPT 
tIRS DELAY FROM INITIAL INTR RESET TO CLK CYCLES NOTE3 
TRANSMIT START 
DELAY FROM INITIAL WRITE TO INTE- Miia CLK CYCLES NOTE3 
~ | RRUPT 


tSTI DELAY FROM STOP TO INTE- 8 |CLK CYCLES NOTE3 
RRUPT(THRE) | 
Ls DELAY FROM -DISTR (RD |IR) TO RESET Leet a 100pF LOAD 
Modem Control 


INTERRUPT (THRE) 
tMDO [DELAY FROM -DOSTR (WR MCR) TO 200 100pF LOAD 
OUTPUT 
tSIM__| DELAY TO SET INTERRUPT FROM MO- 100pF LOAD 
DEM INPUT 
tRIM | DELAY TO RESET INTERRUPT FROM 250 100pF LOAD 
-DISTR (RS MSR) 


Receiver 
| CLK CYCLES 
tRINT 1 ws 
TO RESET INTERRUPT 
Parallel Port 


or oma ee 
D DEFINED BY PRINTER 
K 


tA ACKNOWLEDGE DELAY (BUSY START 
TO ACKNOWNLEDGE) 


| |" 
tAKD | ACKNOWLEDGE DELAY (BUSY END TO ae WS 
ACKNOWNLEDGE) 
i 
a ae. 
ele 


DELAY FROM STOP TO SET 
INTERRUPT 


tSINT 
DELAY FROM -DISTR (RD RBR/RDLSR) 


100pF LOAD 


S 
ACKNOWLEDGE DURATION TIME 
BUSY DURATION TIME DEFINED BY PRINTER 
BUSY DELAY TIME DEFINED BY PRINTER 


NOTES : 1. ALL TIMING SPECIFICATIONS APPLY TO PINS ON BOTH SERIAL CHANNELS (e.g. RI REFERS 
TO BOTH R10 AND R11). 
2.THE INTERNAL ADDRESS STROBE IS ALWAYS ACTIVE. 
3. RCLK =tXH AND tXL. 


4. CHARGE AND DISCHARGE TIME IS DETERMINED BY VOL,VOH AND THE EXTERNAL LOADING. 
5. ALL TIMING ARE REFERENCED TO VALID 0 AND 1. (SEE AC TEST POINTS) 


GM16C452 


WRITE CYCLE TIMING 
A2 A1 AO VALID 
tWA 
-CS 
tCSwW tWCS 


tAW WC 
tDOW 
i 
-DOSTR ACTIVE ACTIVE 
OR 
ro 

-DISTR ACTIVE 

| tDS | tDH | 


DATA VALID DATA 


READ CYCLE TIMING 
A2 A1 AO VALID 
tRA 
CS VALID 
tCSR iRCS 
tAR RC 
tDIW 
_ 4 
—__—_—_—— a 
-DISTR ACTIVE — ACTIVE 
eee | \ 
OR © 
y) 
-DOSTR ACTIVE 
tDDD | <— 
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RECEIVER TIMING 


£ 


SIN ue 
(RECEIVER START 
INPUT DATA BITS (5-8) PARITY STOP 


DATA) = 


SAMPLE 
CLK 


tSINT 
INTERRUPT — eee 
(DATA READY OR 


RCVR ERR) 


tRINT 
-DISTR 


ACTIVE 


TRANSMITTER TIMING 


SERIAL 
OUT (SOUT) 


INTERRUPT 
(THRE) 


-DOSTR 
(WR THR) 


-DISTR 
(RD IIR) 
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MODEM TIMING 


-DOSTR 
(WR MCR) 


-RTS, -DTR 


-CTS, -DSA, -RLSD 


-INTERRUPT 
tSIM 
tRIM— ial 


-DISTR 
(RD MSR) 
-Ri 

PARALLEL PORT TIMING 

DATA 
tDT -—— | tDT 
STROBE 
tSB 

ACK 


BUSY 
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AC TESTING INPUT/OUTPUT WAVEFORMS 


ELTERNAL CLOCK INPUT AC TEST POINTS 


TEST CIRCUIT 


2.54 V 


Output Under Test 


— 


* Includes Scope and Jig 
Capacitance 
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DC CHARACTERISTICS Ta = 0°C to +70°C, VCC = 5V +5% 


YMBOL| PARAMETER — | MIN. CONDITIONS 
CLOCK INPUT LOW VOLTAGE | -0.5 | 


” 


CLOCK INPUT HIGH VOLTAGE 


INPUT LOW VOLTAGE 


lo. = 4.0mA ON DBO-DB7 
lol = 12mA ON PDO-PD7 
lo. = 10mA ON -INIT, -AFD, -STB, 


AND -SLIN (SEE NOTE 1) 
lo. = 2.0mA ON ALL OTHER OUTPUTS 


lon = -0.4mA ON DBO-DB7 
loH = -2.0MA ON PDO-PD7 
loH =-0.2mA ON -INIT, -AFD, 

-STB, AND -SLIN 
loH =-0.2mMA ON ALL OTHER OUTPUTS 


INPUT HIGH VOLTAGE 
OUTPUT LOW VOLTAGE 
VoH 
loc 
-DSRO,1; -RLSDO,1;-CTSO, 1 
-RI0,-RI1 = 2.0V 
OTHER INPUTS =0.8V 
BAUD RATE GENERATOR =4 MHz 
BAUD RATE =56K 
i INPUT LEAKAGE +10|[ pA [Vcc=5.25V, GND=0V 
ALL OTHER PINS FLOATING. 
lot CLOCK LEAKAGE +10 VIN = OV,5.25V 
loz 


es a 
epee : a ea os 
_ 
Read 


OUTPUT HIGH VOLTAGE 


POWER SUPPLY CURRENT 


% 


VOUT = OV, 5.25V 
1) CHIP DESELECTED 
RESET SCHMITT Vit 
Vin(RES) | RESET SCHMITT Vin 


2) CHIP AND WRITE MODE SELECTED 
NOTE1: -INIT, -AFD,-STB, AND -SLIN ARE OPEN COLLECTOR OUTPUT PINS THAT EACH HAVE AN 
INTERNAL PULL-UP RESISTOR (2.5k2. - 3.5kQ) TO Voc. THIS WILL GENERATE A MAXIMUM OF 
2.0mA INTERNAL lo... IN ADDITION TO THIS INTERNAL CURRENT, EACH PIN WILL SINK AT LEAST 
10mA, WHILE MAINTAINING THE Vo. SPECIFICATION OF 0.4V MAX. 


Lae 
ae 
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SERIAL INTERFACE CMOS CODECIFILTER 


Description Pin Configuration 
The GM3054 ,GM3057_ family consists of p-law and A- (Top View) 

law monolithic PCM CODEC/FILTERS utilizing the A/D and 
D/A conversion architecture shown in Figure 1, and a serial 
PCM interface. The devices are fabricated using GoldStar’s 
advanced double Polysilicon Gate CMOS process. Ves || 1 16 |_J VFxl+ 
The transmit portion of each device consists of an input 


gain adjust amplifier, an active RC pre-filter which eliminates and | |2 15). 
very high frequency noise prior to entering a switched- vF,0 [| 3 141 ]as, 
capacitor band-pass filter that rejects signals below 200 | 

Hz and above 3400 Hz. Also included are autozero cir- Veo | | 4 Bucsensosr | bee 
Cuitry and a compressing coder which samples the filtered 


signal and encodes it in the compressed p-law or A-law FS) 5 12, J FSx 
PCM format. The receive portion of each device consists oa Tle 11 P]o, 
of an expanding decoder, which reconstructs the analog 
signal from the compressed p-law or A-law code, a low- baneeiy 10] ]Bctk, 
_pass filter which corrects for the sin x/x response of the 
decoder output and rejects signals above 3400 Hz and 
is followed by a single-ended power amplifier capable of 
driving low impedance loads. The devices require two 
1.536 MHz, 1.544 MHz or 2.048 MHz transmit and 
receive master clocks, which may be asynchronous, 
transmit and receive bit clocks, which may vary from 64 
KHz to 2.048 MHz, and transmit and receive frame sync 
pulses. The timing of the frame sync pulses and PCM data 
is compatible with both industry standard formats. 


9 | | MCLKx 


Features 


e Complete Codec and Filtering System Including: 
Transmit High-Pass and Low-Pass Filtering 
Receive Low-Pass Filter With Sin X/X Correction 
Active RC Noise Filter 
u-Law or A-Law Compatible Coder and Decoder 
Internal Precision Voltage Reference 
Serial 1/O Interface 
Internal Auto-Zero Circuitry 

u-Law, 16 Pin—GM3054 (PDIP - CERDIP) 

e A-Law, 16 Pin—GM3057(PDIP - CERDIP) 

e Meets or Exceeds All D3/D4 and CCITT 
Specifications 

e +5.0V Operation 

Low Operating Power—Typically 60 mW 

Power-Down Standby Mode—Typically 3.0 mW 

Automatic Power-Down 

TTL or CMOS Compatible Digital Interfaces 

e Maximizes Line Interface Card Circuit Density 


canner SSS 
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Block Diagram 
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TIMING AND CONTROL 
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GM3054 /GM3057 
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Pin Description 


BCLKp/CLKSEL 


MCLK,/PDN 


Functional Description 
POWER-UP 


GM3054 /GM3057 


[nwo [Nae [SCs 


Negative power supply pin. Vagp=—5V+5% 
Ground. All signals are referenced to this pin. 


- Analog output of the receive filter. 


Positive power supply pin. Vec=+5V+ 70% 
Receive frame sync pulse which enables BCLKgp to shift PCM data 
into Dr. FSR is an 8 KHz pulse train. See Figures 2 and 3 for timing 
details. 

Receive data input. PCM data is shifted into Dp following the FSp 
leading edge. 

The bit clock which shifts data into Dp after FSp leading edge. May 
vary from 64 KHz to 2.048 MHz, but must be synchronous with 
MCKL,». Alternatively, may be a logic input which selects either 
1.536 MHz/1.544 MHz or 2.048 MHz for master clock in 
synchronous mode and BCLK, is used for both transmit and receive 
directions (See Table 1). 

Receive master clock. Must be 1.536 MHz, 1.544 MHz or 2.048 
MHz. When MCLKge is connected continuously low, MCLKy is 
selected for internal timing. When MCLKg is connected continously 
high, the device is powered down. 

Transmit master cock. Must be 1.536 MHz, 1.544 MHz or 2.048 
MHz. May be asynchronous with MCLKg. 

The bit clock which shifts out the PCM data on D,. May vary from 
64 KHz to 2.048 MHz, but must be synchronous with MCLKy. 
The 3-State PCM data output which is enabled by FSy,. 

Transmit frame sync pulse input which enables BCLKy to shift out 
the PCM data on D,. FS, is an 8 KHz pulse train; see Figures 2 and 
3 for timing details. | 

Open drain output which pulses low during the encoder time slot. 
Analog output of the transmit input amplifier. Used to externally set 
gain. 

Inverting input of the transmit Input amplifier. 
Non-inverting input of the transmit input amplifier. 


SYNCHRONOUS OPERATION 


When power is first applied, power-on reset circuitry in- 
itializes the device and places it into the power-down mode. 
All non-essential circuits are deactivated and the D, and 
VFO outputs are put in high impedance states. To power- 
up the device, a logical low level or clock must be applied 
to the MCLK,/PDN pin and FS, and/or FS, pulses must 
be present. Thus, 2 power-down control modes are 
available. The first is to pull the MCLK,/PDN pin high; the 
alternative is to hold both FSX and FSR inputs continuously 
low—the device will power-down approximately 2ms after 
the last FS, or FSp pulse. Power-up will occur on the first 
FS, or FSp pulse. The 3-State PCM data output, Dy, will 
remain in the high impedance state until the second FS, 
pulse. 


For synchronous operation, the same master clock and bit 
clock should be used for both the transmit and receive 
directions. In this mode, a clock must be applied to 
MCLK, and the MCLK,/PDN pin can be used as a power- 
down control. A low level on MCLK,/PDN powers up the 
device and a high level powers down the device. In either 
case, MCLKy, will be selected as the master clock for both 
the transmit and receive circuits. A bit clock must also be 
applied to BCLKy and the BCLKp/CLKSEL can be also be 
applied to BCLKy and the BCLKp/CLKSEL can be used 
to select the proper internal divider for a master clock of 
1.536 MHz, 1.544 MHz or 2.048 MHz. For 1.544 MHz 
operation, the device automatically compensates for the 
193rd clock pulse each frame. 
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Functional Description (Continued) 

With a fixed level on the BCLK,/CLKSEL pin, BCLK, will 
be selected as the bit clock for both the transmit and 
receive directions. Table 1 indicates the frequencies of 
operation which can be selected, depending on the state 
of BCLKg CLKSEL. In this synchronous mode, the bit 
clock, BCLKy, may be from 64 KHz to 2.048 MHz, but 
must be synchronous with MCLKy. 


Each FS, pulse begins the encoding cycle and the PCM 
data from the previous encode cycle is shifted out of the 
enabled D, output on the positive edge of BCLKy,. After 
8 bit clock periods, the 3-State D, output is returned to 
a high impedance state. with an FSp pulse, PCM data is 
latched via the Dp input on the negative edge of BCLK, 
(or BCLKg if running). FS, and FSp must be synchronous 
with MCLKy,p. 


Table I Selection Of Master Clock 
Frequencies 


Master Clock 
Frequency Selected 


GM3057 GM3054 


2.048 MHz 1.536 MHz or 
1.544 MHz 
2.048 MHz 


BCLKp/CLKSEL 


Clocked 


0) 1.536 MHz or 
1.544 MHz 
2.048 MHz 1.536 MHz or 


1.544 MHz 


1 (or Open Circuit) 


ASYNCHRONOUS OPERATION 

For asynchronous operation, separate transmit and receive 
clocks may be applied. MCLKy and MCLK, must be 
2.048 MHz for the GM3057, and 1.536 MHz or 1.544 
MHz for the GM3054 and need not be synchronous. For 
best transmission performance, however, MCLKpr should 
be synchronous with MCLK,, which is easily achieved by 
appling only static logic levels to the MCLKp/PDN pin. 
This will automatically connect MCLKy to all internal 
MCLKg functions (see Pin Description). For 1.544 MHz 
operation, the device automatically compensates for the 
193rd clock pulse each frame. FS, starts each encoding 
cycle and must be synchronous with MCLKy and BCLK, 
FSR starts each decoding cycle and must be synchronous 
with BCLK, which must be a clock. The logic levels 
shown in Table 1 are not valid for asynchronous opera- 
tion. BCLK, and BCLKg may operate from 64 KHz to 
2.048 MHz. 


SHORT FRAME SYNC OPERATION 

The device can utilize either a short frame sync pulse or 
a long frame sync pulse. Upon power initialization, the 
device assumes a short frame mode. In this mode, both 


frame sync pulses, FS, and FSp, must be one bit clock 
period long, with timing relationships specified in Figure 
2. With FS, high during a falling edge of BCLKy the next 
rising edge of BCLK, enables the Dy 3-State output buf- 
fer, which will output the sign bit. The following seven ris- 
ing edges clock out the remaining seven bits, and the next 
falling edge disables the Dy output. With FSp high during 
a falling edge of BCLKp (BCLK, in synchronous mode), 
the next falling edge of BCLKg latches in the sign bit. The 
following seven falling edges latch in the seven remaining 
bits. Both devices may utilize the short frame sync pulse 
in synchronous or asynchronous operating mode. 


LONG FRAME SYNC OPERATION 

The use the long frame sync mode, both the frame sync 
pulses, FS, and FSpr, must be three or more bit clock 
periods long, with timing relationships specified in Figure 
3. Based on the transmit frame sync, FS,, the device will 
sense whether short or long frame sync pulses are being 
used. For 64 KHz operation, the frame sync pulse must 
be kept low for a minimum of 160 ns. The Dy TRI-STATE 
output buffer is enabled with the rising edge of FS, or the 
rising edge of BCLK,, whichever comes later, and the first 
bit clocked out is the sign bit. The following seven BCLK, 
rising edges clock out the remaining seven bits. The Dy 
output is disabled by the falling BCLKy edge following the 
eighth rising edge, or by FS, going low, whichever comes 
later. A rising edge on the receive frame sync pulse, FSp, 
will cause the PCM data at Dp to be latched in on the next 
eight falling edge of BCLKp (BCLKy in sychronous mode). 
Both devices may utilize the long frame sync pulse in syn- 
chronous or asynchronous mode. 


TRANSMIT SECTION 

The transmit section input is an operational amplifier with 
provision for gain adjustment using two external resistors, 
see Figure 4. The low noise and wide bandwidth allow gains 
in excess of 20 dB across the audio passband to be realiz- 
ed. The op amp drives a unity-gain filter consisting of RC 
active pre-filter, followed by an eighth order switched- 
capacitor bandpass filter clocked at 256 KHz. The output 
of this filter directly drives the encoder sample-and-hold 
circuit. The A/D is of compressing type according to p-law 
(GM3054) or A-law (GM3057) coding conventions. A 
precision voltage reference is trimmed in manufacturing to 
provide an input overload (ty,x) or nominally 2.5V peak — 
(see table of Transmission Characteristics). The FS, frame 
sync pulse controls the sampling of the filter output, and 
then the successive-approximation encoding cycle begins. 
The 8-bit code is then loaded into a buffer and shifted out 
through D, at the next FS, pulse. The total encoding delay 
will be approximately 165 ps (due to the transmit filter) plus 
125 us (due to encoding delay), which total 290 us. Any 
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offset voltage due to the filters or comparator is cancelled 
by sign bit integration. 


RECEIVE SECTION 

The receive station consists of an expanding DAC which 
drives a fifth order switched-capacitor low pass filter clock- 
ed at 256 KHz. The decoder is A-law (GM3057) or u-law 
(GM3054A) and the 5th order low pass filter corrects for 
sin x/x attenuation due to the 8 KHz sample/hold. The filter 


Absolute Maximum Ratings 


Vec to GND 7V 
Voss to GND —7V 
Voltage at any Analog Input 

or Output Voc t0.3V to Vgg—0.3V 


Electrical Characteristics 


is then followed by a power amplifier capable of driving a 
6002 load to a level of 7.2 dBm. The receive section is 
unity-gain. Upon the occurrence of FS,p, the data at the 
Dp input is clocked in on the falling edge of the next eight 
BCLKp (BCLK,) periods. At the end of the decoder time 
slot, the decoding cycle begins, and 10 us later the 
decoder DAC output is updated. The total decoder delay 
is 10 us (decoder update) plus 110 us (filter delay) plus 
62.5 us d('2 frame), which gives approxiamtely 180 ys. 


Voltage at any Digital Input 

or Output Voc t+0.3V to GND —0.3V 
Operating Temperature Range =25°C to $129°C 
Storage Temperature Range =65°C fo +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 


Unless otherwise noted: Vog=5.0V+5%, Vag=—5V+5%, GND=OV, T,=0°C to 70°C; typical characteristics 
specified at Voc =5.0V, Vag=—5.0V, Tx=25°C; all signals are referenced to GND. 


Operating Current 


Power-Down Current 
Power-Down Current 


Active Current 
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Digital Interface 


| SYMBOL | PARAMETER | CONDITIONS | MIN | TYP | MAX | UNITS | 


Dy, IL=—3.2mA 
TSy, |, =3.2mA, Open Drain 
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Timing Specifications 


smo] ea [ soos Twn [wo] 


Frequency of Master Clocks 


Width of Master Clock High 
Width of Master Clock Low 
Rise Time of Master Clock 
Fall Time of Master Clock 


(and FS, in Long Frame Sync 
Mode) to MCLKy Falling Edge 
Period of Bit Clock 

Width of Bit Clock High 
Width of Bit Clock Low 

Rise Time of Bit Clock 

Fall Time of Bit Clock 

Holding Time from Bit Clock 
Low to Frame Sync 

Holding Time from Bit clock 
High to Frame Sync 


to Bit Clock Low 

Delay Time from BCLK, High 
to Data Valid 

Delay Time to TS, Low 


Data Output Disabled 

Delay Time to Valid Data from 
FS, or BCLKy, Whichever 
Comes Later 

Set-Up Time from Dp Valid to 
BCLKp jy Low 


Dr Invalid 
Set-Up time from FSy,p to 
BCLKy), Low 

Hold Time from BCLKyp Low 
to FSy ip 

Hold Time from 3rd Period of 
Bit Clock Low to Frame Sync 
(FS, or FSp) 

Minimum Width of the Frame 
Sync Pulse (Low Level) 


Set-Up Time from BCLKy High 


Set-Up Time from Frame Sync 


Delay Time from BCLKy Low to 


Hold Time from BCLK,,, Low to 


.| Bit Clock Periods Long) (Note 1) 


GM3054 /GM3057 


Depends on the Device Used and 
the BCLKp/CLKSEL Pin 

MCLK, and MCLKp 

MCLKy and MCLK, 

MCLK, and MCLKp 

MCLK, and MCLKp 

MCLK, and MCLKp 

First Bit Clock after the Leading 
Edge of FS, 


488 | 15,725 


Vip=2.2V 

Vi, =0.6V 

tps =488 ns 
tpp=488 ns 
Long Frame Only 


Short Frame Only 


Long Frame Only 


Load=150 pF plus 2 LSTTL Loads 


Load=150 pF plus 2 LSTTL Loads 


C, =O pF to 150 pF 


Short Frame Sync Pulse (1 or 2 
Bit Clock Periods Long) (Note 1) 
Short Frame Sync Pulse (1 or 2 


Long Frame Sync Pulse (from 3 
to 8 Clock Periods Long) 


64k Bit/s Operating Mode 


Note 1: For short frame sync timing, FS, and FS, must go high while their respective bit clocks are high. 
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Transmission Characteristics 

Unless otherwise specified: T,=0°C to 70°C, vop¢=5V+5%, Vag=—5V+5%,GND=OV, f=1.02 KHz, Vy=0 
dBm O, transmit input amplifier connected for unity- gain non-inverting. 

Amplitude Response 


SYMBOL PARAMETER CONDITIONS 


Nominal 0 dBmO Level is 4dBm 
(600Q) 

O dBm0O 

GM3054A 

GM3057 

Max Overload Level 

GM3054A (3.17 dBmO) 
GM3057 (3.14 dBm0) 
Ta=25° C, Vec=5V, Vep=—5V 
Input at GSx=O dBm0O at 1020 Hz 
f=16Hz 

f=50 Hz 

f=60 Hz 

f=200 Hz 

f=300 Hz-3000 Hz 

f=3300 Hz 

f=3400 Hz 

f=4000 Hz 

f=4600 Hz and Up, Measure 
Response from O Hz to 4000 Hz 
Ta=0°C to 70°C 


MAX | UNITS 


Absolute Levels 


Transmit Gain, Absolute 


Transmit Gain, Relative to Gxa 


Absolute Transmit Gain Variation 
with Temperature 

Absolute Transmit Gain Variation 
with Supply Voltage 

Transmit Gain Variations with Level 


Vec=5V+£5%, Vep=—5Vt5% 


Sinusoidal Test method 
Reference Level=—10 dBm0O 
VFyl*=—40 dBm0 to + 3 dBm0O 
VFxI*=—50 dBm0 to —40 dBm0O 
VFxI*=—55 dBm0 to —50 dBm0 
Ta=25°C, Voc=5V, Ves=—5V 
Input= Digital Code Sequence for 
O dBmO Signal at 1020 Hz 

f=0 Hz to 3000 Hz 

f=3300 Hz 
f=3400 Hz 
f=4000 Hz 
Ta=0°C to 70°C 


Receive Gain, Absolute 


Receive Gain, Relative to Gra 


Absolute Receive Gain Variation 
with Termperature 

Absolute Receive Gain Variation 
with Supply Voltage 

Receive Gain Variations with Level 


Voc=5V£5%, Vap=—5V45% 


Sinusoidal Test Method; Reference 
Input PCM Code Corresponds to an 
Ideally Encoded—10 dBm0O Signal 
PCM Level=—40 dBm0 to +3 dBm0O 
PCM Level=—50 dBm0 to —40 dBmO 
PCM Level=—55 dBm0O to —50 dBmO 
R_=6002 


Receive Output Drive Level 
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Transmission Characteristics (Continued) 
Unless otherwise specified: T,=0°C to 70°C, Vog=5V+5%, Vag=-5V+5%, GND=OV, f=1.02 KHz, Viy=O dBmo, 
transmit input amplifier connected for unity-gain noninverting. 


Envelope Delay Distortion With Frequency 
SYMBOL PARAMETER CONDITIONS MIN | TYP | MAX | UNITS 


Transmit Delay, Absolute f=1600 Hz 
Transmit Delay, Relative to Dy, |f=500 Hz-600 Hz 
| f=600 Hz-800 Hz 

f=800 Hz-1000 Hz 
f=1000 Hz-1600 Hz 
f=1600 Hz-2600 Hz 
f=2600 Hz-2800 Hz 
f=2800 Hzp3000 Hz 

Receive Delay, Absolute f=1600 Hz 

Receive Delay, Relative to Daa f=500 Hz-1000 Hz 
f=1000 Hz-1600 Hz 
f=1600 Hz-2600 Hz 
f=2600 Hz-2800 Hz 
f=2800 Hz-3000 Hz 


Transmit Noise, C Message GM3054A VF yI*=0 

Weighted 

Transmit Noise, P Message GM3057 VF,I*= OV —69 |dBmOp 
Weighted | 


Receive Noise, C Message GM3054A PCM Code 
Weighted Equals Alternating Positive and. 
Negative Zero _ 
Receive Noise, P Message GM3057 PCM Code Equals 
Weighted Positive Zero —79|dBmOp 
Noise, Single Frequency f=0O KHz to 100 KHz, Loop Around 
Measurement, VF,I*=0O V 
Positive Power Supply Rejection, | VFy!*=0 Vrms 
Transmit Voc=5.0 Vopgo +100 mVrms 
f=O KHz-50 KHz 
Negative Power Supply Rejection, VF,I*=0 Vms, 
Transmit Vep=—5.0V Vopg¢ +100 mVrms 
f=0 KHz-50 KHz 
Positive Power Supply Rejection, | PCM Code Equals Positive Zero 
Receive Vec=5.0 Vop¢+100 mVrms 
f=0 Hz-4000 Hz 
f=4 KHz-25 KHz 
f=25 KHz-50 KHz 
Negative Power Supply Rejection, | PCM Code Equals Positive Zero 
Receive Vep=—5.0 Voc +100 mVrms 
f=0O Hz-4000 Hz 
f=4 KHz-25 KHz 
f=25 KHz-50 KHz 


rms 
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Transmission Characteristics (Continued) 
Unless otherwise specified: T,=0°C to 70°C, Veg =5V+5%, Vag=—-5V+5%, GND=OV, f=1.02 KHz, Vin=O dBmO, 
transmit input amplifier connected for unity-gain noninverting. 


fSyMBoL[_PARAWETER = __CONDTIONS [MN] TYP] _MAX_[UNTTS 
SOS 


Spurious Out-of Band Signals | Loop Around Measurement, O dBmO, Tl 


at the Channel Output 300 Hz-3400 Hz Input Applied to 
VF,I*, Measure Individual Image 
Signals at VF RO 

4600 Hz-7600 Hz 

7600 Hz-8400 Hz 

8400 Hz-100,000 Hz 


Distortion 


Signal to Total Distortion | Sinusoidal Test Method 
Transmit or Receive Level=3.0 dBmO 
Half-Channel =0 dBm0 to —30 dBm0O 
=—40 dBm0O XMT 
RCV 
=—55 dBm0O XMT 
RCV 
Single Frequency Distortion, 
Transmit 
Single Frequency Distortion, 
Receive 
Intermodulation Distortion Loop Around Measurement, 
VFy* =—4 dBmO to —21 dBmO, 
Two Frequencies in the Range 
300 Hz-3400 Hz 


Crosstalk 


f=300 Hz-3400 Hz 
Da=Steady PCM Code 
f=300 Hz-3400 Hz, VFyl=OV 


Transmit to Receive Crosstalk, 
O dBmO Transmit Level 

Receive to Transmit Crosstalk, 
O dBmO Receive Level 


-90| -75 dB 
-90|] -70 dB 
(Note 2) 


Note 1: Measured by extrapolation from the distortion test result. 
Note 2: CTrx is measured with a —40dBm0 activating signal applied at VF,I=OV 


Encoding Format At D, 


GM3054A GM3057 
p-Law A-Law 
(Includes Even Bit Inversion) 


Vin (at GS,)= + Full-Scale 


Vin (at GS,)=OV 


Vin (at GS.) =— Full-Scale 
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Application Information 


POWER SUPPLIES 

While the pins of the GM3054A family are well. protected 
against electrical misuse, it is recommended that the stan- 
dard CMOS practice be followed, ensuring that ground is 
connected to the device before any other connections are 
made. In applications where the printed circuit board may 
be pulgged into a “hot” socket with power and clocks 
already present, an extra long ground pin in the connec- 
tor should be used. | 

All ground connections to each device should meet at a 
common point as close as possible to the GND pin. This 
minimizes the interaction of ground return currents flow- 
ing through a common bus impedance. 0.1yF supply 
decoupling capacitors should be connected from this com- 
mon ground point to Veg and Vag. 

For best performance, the ground point of each 
CODEC/FILTER on a card should be connected to a com- 
mon card ground in star formation, rather than via a ground 
bus. This common ground point should be decoupled to 
Voc and Vgp with 10yF capacitors. 


RECEIVE GAIN ADJUSTMENT 

For applications where a GM3054A family CODEC/FILTER 
receive output must drive a 600Q load, but a peak swing 
lower than +2.5V is required, the receive gain can be easily 
adjusted by inserting a matched T-pad or n-pad at the out- 
put. Table Il lists the required resistor vallues for 600 ter- 
minations. As these are generally non-standard values, the 
equations can be used to compute the attenuation of the 
closest practical set of resistors. It may be necessary to use 
unequal values for the R1 or R4 arms of the attenuators 
to achieve a precise attenuation. Generally it is tolerable 
to allow a small deviation of the input impedance from 
nominal while still maintaining a good return loss. For ex- 
ample a 30 dB return loss against 600 is obtained if the 
output impedance of the attenuator is in the range 2822 
to 319 (assuming a perfect transformer). 


GM3054. /GM3057 


T-Pad Attenuator 


oy (NP N 
R1=21 — =6 / 21,22 {| 
Ne—1 N2— 1 


N 
R2= 2/21, Z2 (— ; 
Where N= / Power In 
Power Out 
/ Z1 
and S= 3 


Zz 
Also: Z= J sc Zoc 
Where Zsc=Impedance with short circuit termination 
and Zoc=Impedance with open circuit termination 


m-Pad Attenuator 


6002 


age /2t. 22 (=) 
2 N 


sat aed 
N?—2NS+1 
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Table Il. Attentuator Tables For Z1=Z2=300Q (All Values In Q) 


Typical Synchronous Application 


—-5V 

O.1pF 

V 0.1 pF 
+5V 

TO SLIC VFrO GM3054 3057 
FSR 
Dr 
5V OR GND BCLK-p/CLKSEL BCLK, 
PDN 


MCLK-/PDN 


Note 1: XMIT gain=20xXlog 


BAER |; (R1+R2) 10K 
R2 


MCLK, 


FROM SLIC 


V 


ANALOG INTERFACE 


DIGITAL INTERFACE 


Dx 


BCLK, 
(2.049 MHz/1.544 MHz) 


SFE EL EE SEE EIS ERED EEE EL EET ST EIEN REY ELLE ETE O OPO OE NTT IEE IGE TF TRIN AE SIS I OE EE ETI CIE SOSA POL TET ERLE TET ETE STE ET 


4-75 


16-Pin Ceramic Dual In-Line 


785 (19.939) 
oe ee (19.050) ~ nn 


.301 (7.645) 
.283 (7.188) 


Z .065 (1.851) 
.045 (1.143) 


a 0.40 (1.016) 
200 (5.080) 020 (0.508) 
MAX | SEATING 
emett ~~ PLANE 
: ‘ 
150 (3.810) | 
125 (3.175) | 
Noee ayes 
—. | : | 045 (1.143) 
Se ee ae 01S (0.481) 


110 (2.794) .037 (0.940) .020 (0.508) 
090 (2.286) -.027 (0.686) .016 (0.406) 
STANDOFF 
WIDTH * 


All dimensions in inches bold and millimeters (parentheses). 
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320 (8.128) | 
"290 (7.388) ~ 
| : 


012 (0.279) 
.009 (0.229) 


| .375 (9.525) -' , 15C 
NOM ~ OC 


GM6388 


15 MEMORY TONE/PULSE SWITCHABLE DIALER 


DESCRIPTION 


The GM6388 is a monolithic integrated circuit which per- 
forms 15-Memory Tone/Pulse switchable dialing functions 
for modern telephone set design. It is fabricated in CMOS 
technology, thus has good performance in low voltage, 
low power operations. Four 16-digits direct dialing 
memories are added for convenient emergency calls (such 
as fire, police, doctor) and Long Distance Service Com- 
pany (such as MCI, SPRINT) access codes operations. 
Wide operating voltage range and low memory retention 
current facilitate this chip excellent for battery-free direct 
line powered operation. 


FEATURES 


e DTMF/Pulse Switchable Dialer 

_e@ Stores Ten 16-Digits Numbers for Repertory Dialing 

e Additional Four 16-Digits Numbers for Emergency Call 
ing and Long Distance Service Company Access code 
Memory 

e One 31-Digits for Last Number Redial Memory. 

e Auto Pause Access for PBX and Toll Service Operations : 
3.1 sec. per pause 

e Easy Operation with Redial, Store, Auto & Pause 
Keypads 


e Key-Tone Output for valid keypad Entry recognition 

e Uses Form A Keyboard or the Standard 2-of-9 Matrix 
Keyboard 

e Electronic Keypad Input is Available; low Action 

e Uses Inexpensive 3,579545 MHz Television Color-Burst 
Crystal | 

e Pin Selectable for Break/Make Ratio 

e Memory Retention Current <0.6uA 

e Wide operation voltage range; 2.5V ~ 5.5V 

e Automatic switching from PULSE mode to TONE mode 
in Long Distance memory 

e 22-pin Dual-in-Line Package 


PIN CONFIGURATION 


COL1 
COL2 
COL3 
COL4 
GND 
OSC IN 
OSC OUT 
‘MUTE 
PULSE OUT 


TONE OUT 


COL1 


R : Redial 
S: Store 
A: Auto Dialing 
P: Pause 
EM1-EM3 : Emergency 1-3 
LDC : Long Distance Company 


GM6388 - 


B/M 
TEST 
MODE 
LED OUT 


KEY TONE OUT 


COoL2 COL3 COL4 
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ABSOLUTE MAXIMUM RATINGS 


DC Supply Voltage V~ ----------------n---------nn-na--nnnnmnnnnnn erence nnnr nnn nnnnnnnnnnnnnnnnnerennann ne 6.0 Volts 
Any Input Relative to V~ --------------------------------- nnn nnnnnnnnnnn nnn nnn nnn nen re rnnnnnnnnnnnnnennnnnnenne cance +0.5 Volts 
Any Input Relative to V - ------------------------------------mnnnnnnn nnn nnn nnn nanan nnn nnnnnnnn 0.5 Volts 
Operating Temperature -- apices acisteiactcaerrlatneneeenetee earn ANG 10 + 85°C 


Storage Temperature --- nen nner newer ene nernenenennnn a eneencnnnncnenererenenenne - 65°C to + 180°C 
Powet Dissipation Per Package ------------------------------nn--nnnnnnnn nnn 500 (for Ta = -40°C to + 60°C) mA 


ELECTRICAL CHARACTERISTICS 


DC Characteristics (V* = 2.5V, Ta = 25°C, Unless otherwise noted) 


SYMBOL | TEST CONDITION 
v 


Tone 


TYP MAX 


PARAMETER 


Operating Voltage 


Operating Current 


Memory Retention 
Current 


Standby Current 
Tone Output Voltage Vto Row Group 130 
| Ri = 10k) 
Pre - Emphasis Column Group 
/ Row Group 
DTMF Distortion THD RL = 10kQ, 
L 


UNIT 


= 
7 


Tone Output External Ri THD <20dB 
Load Impedance 

* 
Tone Output Sink Ir Vto = 0.5V 
Pulse Output Drive “Vpo = 2.0V 

Current 


10 
0.5V 
0.2 


y 
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Mute Output VMO = 2.0V 
Rodi 


02 
w | 2 
Key Tone Output VKO = 2.0V 
Drive Current 
wv | os 
| 
lt Mal 


ne [Max [UNIT | NOTES 


LED Output VLO = 2.0V 
tll 


NOTES : 

1. HKS = 0 

2. In DTMF Mode 

3. In Pulse Mode 

4, Keyboard Entry, Including Auto Dialing 

5. No Keyboard Entry 

6. All Output Unloaded 

7. Dual Tone Multi-Frequency Distortion is measured in terms of total Out-of-band power related to sum of row & 
column fundamental power. 7 

8. Crystal parameters defined as Rs < 1002, Lm =96mH, Cm =0.25pF, Ch= 5pF, F=3.5795MHz & C_ = 18pF 
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WD) 
PARAMETER 


Key-in Debounce 


Pulse mute delay 
| Pre-digit Pause 


— 


~ Inter Digit Pause 
Break/Make Ratio 


Inter Tone Pause 


Row Group Frequency 


Column Group 


Frequency 


Key Tone Frequency 


Input Voltage Low 
Input Voltage High 


Keypad Input Drive 
Current 

Control Pin Input 
Leakage Current 


NOTES : 1. Crystal parameters defined as Rs < 10002, Lm =96mH Cm =0.25pF, Ch= Pie F =3.579545MHz & 
C.= 18pF 
2. Refer to Pulse Mode Time Diagram 
3. Refer to DTMF Mode Time Diagram 
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FUNCTIONAL DESCRIPTION 


ae: nee 
ROW - COLUMN INPUTS (Pins 1-4 & 18-22) COL. ___ m= =ROW 
Form A Keyboard 
The keypads input is compatible with the standard 2-of-9 aan 
keyboard, the inexpensive single-contact (Form A) —, | COL. 
keyboard, and electronic input. Figure 1 shows how to ee 
connect to the two keyboard types and Figure 2 shows oe oiea = 
wave forms for electronic inputs. In normal operation any FIG. 1 KEYBOARD CONFIGURATION 


single button is pushed to produce dual tone, pulses or Sea 


function. Activation of two or more buttons will result in GND US OS as 
no response, except for single tone. TABLE | illustrates My Y “==. 
YY LEY GSE 
the address keypads function, in detail. GND LG) Gi = 
td is min. tone duration plus keypad debounce time 


TABLE |: ADDRESS KEYPADS TRUTH TABLE FIG. 2 ELECTRONIC INPUT 


ACTIVE LOW INPUTS 


7 OUTPUT 
COLUMN 


(Pin 1~3) 
TONE 
(Pin 14=0) 


OUTPUT 


TONE (Fin 11 
PULSE (Pin 10} 


ROW 
(Pin 18~ 22) 


One oie teeth 

Two or More ini1= 
Pir ion) ne Two or More Pin 11=0 

Two or More Two or More Pin 11=0 


Single T me ean 
ingie one Two or More olumn tone 
(Pin 15=0) One Two or More Row Tone 


Two or More Two or More Pin 11=0 


One 


10 pps Two or More 
= e Two or More 
cee ep p= ') one or More Two or More 
(Pin 14= 1) One 
600 pps T M 
(Pin 13s 0) One ee Two or More 
Two or More _ Two or More 


Note 1: In pulse mode, Pin 10=1 for « & # buttons 
Note 2: In pulse mode, always Pin 11=0, In DTMF mode, always Pin 10= 1 
Note 3: Pin 10=1, Pin 11=0 for any button in Row5 & Column4, regardless of mode. 


* OSC. IN (Pin 6), OSC. OUT (Pin 7) * MUTE (Pin 8) 

A. built-in inverter provides oscillation with an inexpensive The mute output is a conventional CMOS inverter that 
2.579545MHz television color-burst crystal. The oscillator pulls to V" with no Keyboard input and pulls to GND when 
ceases when a keypad input is not sensed. An on-board an address keypads entry is sensed (excluding the + & # 
counter is used to decrease the frequency of oscillator, Keypads, in pulse mode), that is, and keypad in row 5 & 
and creates keypad debounce, mute delay, pre-digit column 4 is pushed, then mute out keeps high level still. 
pause, pulse rate, inter rate, inter digit pause, Break/Make The mute output is used to cut out the current biased in 
ratio, inter-tone Pause, tone duration, row group & column type-2500 telephone circuit or GM6388, that is required to 
group frequency, & key tone frequency etc. Any crystal actuate on address keypads input. 

frequency deviation from 3.579545MHz will be reflected in 

the time parameter above. Most crystals do not vary more 

than +0.02%. 
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* TONE OUT (PIN 11) 


The tone duration equals. to the period of button pushed 


In pulse mode, the tone output keeps low state regardless minus the keypad debounce time in manual dialing. The 
of keypads input. In DTMF mode, the pin outputs dual tone duration and inter-tone-pause are internal set to be 
tone or single tone, referred to TABLE |. 100ms and 105ms respectively in auto dialing. 


HKS 


KEY IN 


KEY TONE 
MUTE 


TONE OUT 


PULSE OUT 


LED OUT 


OSC 
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on hook 


| off hook | | 


MANUAL DIALING AUTO DIALING 


FIG. 3-1 TIME DIAGRAM (TONE MODE) 


GM6388 


* HKS (Pin 9) 

The HKS (Hook Switch) input is used to sense the state of 
handset in ON-HOOK or OFF-HOOK. In ON-HOOK state, 
HKS=1, the keyboard input is disabled, there is not any 
operation for any keyboard entry, to avoid the energy lose 
stored in capacitor. In OFF-HOOK state, HKS =0, all of the 
function work. 


* PULSE OUT (Pin 10) 

In DTMF mode, the pulse out keeps high level regardless 
of keyboard entry. In pulse mode, this output sends a 
chain of pulses to correspond the address keypad input, 
but keeps high level for * & # entry. Figure 3-2 shows the 
time diagram in pulse mode. The pulse rate and inter digit 
pause are fixed, in normal condition Pin 15=1, to be 10 
pps and 800ms respectively. The Break/Make ratio is pin 
selectable depends on the state of B/M Pin. It is 60:40 for 
B/M= 1, and 66.6:33.3 for B/M=0. 


HKS 
KEY IN 


KEY TONE 


PULSE OUT 


MUTE 


- TONE OUT 


LED OUT 


Osc 


MANUAL DIALING 


* KEY TONE OUT (Pin 12) 

The key tone output is a conventional CMOS inverter. A 
NPN transistor is needed to drive a piezo. The output fre- 
quency is 1.2KHz. In spite of DTMF or Pulse mode, the 
key tone actuate, after any keypad (including row 5 and 
column4) entry has been detected, and ceases at the time 
of button released. There is not key tone output, whenever 
two or more keyboard button are pushed simultaneously. 


* LED OUT (Pin 13) 

The LED OUT is a conventional CMOS inverter. A NPN 
transister is used to turn off LED. In DTMF mode, the out- 
put actuates in the duration of DTMF signal is sending. 
But the output always keeps low in pulse mode. With the 
exception of controlling LED for indication, it can be used 
for muting operation in Tone mode also. 


| 


- FIG. 3-2 PULSE MODE TIME DIAGRAM 
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* MODE (Pin 14) 
Pulls pin 14 to V~, the dialer is in pulse mode. 
On the contrary, it is in DTMF mode. 


* TEST (Pin 15) 

In normal operation, ties the TEST Pin to V*, the single 
tone is inhibited & pulse rate is 10pps. In testing opera- 
tion, ties the TEST pin to GND, single tone can be created 
with the method shown in TABLE |, and all of the time 
parameter in pulse dialing is faster by 60 times. 


* B/M (Pin 16) 
The Break/Make ratio is 60:40, if B/M= 1, and is 66.6:33.3 if 
B/M=0. This pin influences nothing in DTMF mode. 


KEYBOARD OPERATIONS 


Note : All the keyboard operations should be under OFF- 
HOOK condition. 


I. NORMAL DIALING 
Select Pulse or Tone mode. 


Push [1 ] [02 J. 

~ 9, *, # 
= ra sie D1, D2, .....Dn will be dialed out in 
Pulse or Tone mode as selected. 


II. REDIALING 
Select Pulse or Tone mode. 
Push 01 | ,| D2 |..... Dn, busy, ON-HOOK. 


Come OFF-HOOK, push , the last number 
D1, D2 six Dn will be automatically dialed out in pulse 
or Tone mode as selected. 

Ill. NUMBER STORING 


Don’t care Pulse or Tone mode 
Push OE [D2] ..... [Dn], (S J, 
n: 


then the number D1, D2 Dn will be stored in 
location | tn 

IV. MEMORY DIALING 
Select Pulse or Tone mode. 
Push [A},[Ln } then the number stored in location 
will be automatixally dialed out in Pulse to Tone mode 
as selected. 


V. PAUSE KEY OPERATION 


In some cases, such as PABX or long distance service, 
pauses should be inserted in dialing sequence. The 
GM6388 provides stackable pause function (3.1 
sec/pause) which facilitates flexible applications. 

For examples : 


1. Storing with Pause 


Don’t Care Pulse or Tone Mode. Push |S], [D1],[P], 

(pa ~ (Bol. IS). [ee D2 cia 
2. Dialing with Pause 

Select pulse or Tone mode. Push{A| then the out- 

put signal will be dialed as following sequence. D1, wait 

for 3.1 seconds, D2..... Dn. 

Note : The pause duration is 3.1 sec/pause, it can be 

continuously stored for longer pause duration. But 

every pause will occupy one digit of memory size. 


Dn will be stored in 


VI. EMERGENCY DIALING 
The GM6388 provides three memories for storing emer- 
gency numbers such as fire, police and doctor. Con- 
venient one-key dialing operation is designed for these 
emergency memories which is important in easy opera- 
tion : 


1. Storing Emergency Numbers 
Don't care Pulse or Tone Mode. 


Push [§][D1] [D2] ~. [Dn] [S] [EMn) 
EMn: EM1 ~ EM3 
2. Emergency Duialing 


Select Pulse or Tone mode. 

Push , then the number stored in EMn will be 
automatically dialed out in Pulse or Tone mode as 
selected. 


VII. LONG DISTANCE SERVICE MEMORY DIALING 


The GM6388 provides one special memory location for 
storing the long distance service company access code, 
it also provides automatic switching function from Pulse 
mode to Tone mode after the pause duration. This func- 
tion facilitates the subscriber to ultilize the long distance 
service company (such as MCI, SPRINT) without confus- 
ing the Pulse/Tone switching operations. 
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D’1, D’1.... D’n 
1. Storing the Long Distance Service Company Code Access Code (Tone) 
to LDC memory. Don’t care Pulse or Tone mode 


[s] , [D2], [P | [P] Note : The chip will be automatically switched to 


LDC NUMBER Tone mode after the pause duration until an ON- 
, (D2) LDC HOOK state is detected. 
AUTHORIZED ACCESS CODE 
2-2. If the mode switch was set in 
2. LDC Memory Auto dialing | Tone mode Push 
When a LDC number & access code were stored ad then the output signals will be D1 .... Dn, pause for 
above described procedure, the number can be 6.2 sec. 
automatically dialed as following sequence : LDC NO. (Tone) 
D'1, D’2....D’n 

2-1. If the mode switch was set in Pulse mode, Push Access Code (Tone) 

fhACthe output signals will be 

Di .... Dn, pause for 6.2 sec.. Note : After completing anyone operation I-VIl 

LDC NO. (PULSE) above, another can be operated continuously 


without ON-HOOK once. 


V+ 3.579545MHZ 6 


7 
OSC OUT 
470K0), 
8 
O 
ON HOOK ; 
OFF HOOK 
10 
é 
0.01uF 
1 
e 
im QO 
10k () 


FIGURE 4. GM6388 GENERAL TEST CIRCUIT 
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Description 


The GM6390 is a monolithic, integrated circuit manufactured 
using GS silicon Gate CMOS process. The device is TONE/ 
PULSE switchable dialer with the last mumber redial memory 
and designed for low cost, high stability TONE/PULSE swit- 
chable telephone application. 

The pause key and the pulse to tone key are provided for 
PBX and Long Distance compony operation. The wide ope- 
rating voltage range and low memory retention current faci- 
litate this chip exlellent for battery-free direct telephon-line 
operation. 


Features 


e DTMF/PULSE Switchable Dialer 

e One 31-Digits for Last Number Redial Memory 

e Auto Pause Access for PBX Operation; 3.1sec. per 
pause 

e Pulse to Tone Key(P-T) for Toll Service Operation 

e Key-Tone Output for Valid Keypad Entry Recog- 
nition. 

e Electronic Keypad Input is Available; Low Action 

e Uses Form A Keyboard or The Standard 2 of 8 
Matrix Keyboard 

e Uses Inexpensive 3.579545M Hz Television Color- 
Burst Crystal. 

e Pin Selectable for Break/Make Ratio 

e Low Memory Retention Current; 
<0.2 vA at V+=1.0V, HKS=1 


e Low Operating Voltage; 2.0V for Both Tone and 
Pulse Mode 


e Switching from Pulse Modeto Tone Mode inLDC 
Operation 
¢ 22-Pin Dual-In-Line Package 
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TONE/PULSE SWITCHABLE 
DIALER WITH REDIAL 


Pin Connection 


oscif{_|6 Gmes90 17[ ]B/M 


14 |__| HOLD OUTPUT 


PULSE OUTPUT [|__| 10 13] | X'T MUTE 


DTMF OUTPUT{ | 11 12] | KEY TONE OUTPUT 


Keyboard Function 


R1 


R2 


R3_ 


R4 


P-»T : Pulse to Tone Switch 


H :Hold 
P  : Pause 
R_ : Redial 


Absolute Maximum Ratings 


DC Supply Voltage V+ cercesresrerecesceeceeteecsecscnscseceececnenseceseeseeseeeeeeneeeeees ene ee eee eee eee ese eee eases eee eee eee eee een eee eens 6.0V 
Any Input Relative to Vtecsscesresecceceecseceecscnseesseeceeceeeeceenseeseeseeneseesnsees eee ene secu ese ee nee eee eee sees ese ene eee eee eees +0.3V 
Any Input Relative to V— ccercescsceseseseesecsececensersessscescenseeeeenseeeeeeneeetenseesenseesee eee eee sae eea eee eee eee nee nese eens —0.5V 
Power Dissipation Pp --ererrccecseceteeeceecseeeseeeceecaeseneeeseeceseeesccecesatsnssseserenanaeeseseesenens 500mW(Ta=—25C to+60C) 
Operating Temperature Topr crrescscesserseceeceeceeceeceeeeecnessscassaseancaseasecseceecsesseseeseesee eee eee ene eeseeseeee —25 to+85 
Storage Temperature Tstg -ererrssrsecseceeceereeceeceeceecencenceceeceeseecesceeceecssessescesse eee esseee ese esenseeseesens —65C to+150C 


Functional Block Diagram 


TONE D/A ROW & COLUMN alae 
T CONVERTER PROGRAMMABLE LATC 
Outre ENCODER 


COUNTER 


ROW 
QO w = PULSE OUTPUT 
eg READ & WRITE 5 
ia 
Ot COUNTER = 
a i 2 < ie 
= o & MUTE 
x Z Boz 
Og 
5 6 
eetums CONTROL LOGIC o. X’T MUTE 
CIRCUIT 
KEY TONE OUTPUT HOLD OUTPUT 
ee SYSTEM CLOCK TEST 
osce2 GENERATOR 


HKS MODE B/M 


V+—Voo 
V——Vss 
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Electrical Characteristics 
(Unless otherwise specified, V+=2.5V, Ta=25°C) 


DC Characteristics 


TEST 
SYMBOL PARAMETER UNIT 
CIRCUIT 


pepe Tone 


TEST CONDITIONS 


DC Operating Voltage 


Operating Current(Tone) 


Memory Retention 


Current 


Tone Output Voltage 
*DTMF Distortion 
Pre Emphasis 


Tone Output DC Level 


a Row Group, RL=10K 


| dB | V+=2.0~5.5V, Ri =10KQ 
| dB V+ =2.0~5.5V, R, =10KQ 


V+=2.0~5.5V 


Keypad Entry 


Tone Output 


THD = —23dB 


Load Impedance 


Tone Output Vro=0.5V, 


Sink Current 


No Keypad Entry 


Pulse Output 


Leakage Current 


Pulse Output 


Sink Current 


Mute Output 


Drive Current 


Mute Output 


mA Vmuo=0.5V 


Sink Current 


Key Tone Output 


Dirve Current 


Key Tone Output 


VKo=0.5V 


Sink Current 


GM6390 


(Continued) 


TEST CONDITIONS 


= 
> 
2x 


UNIT 


X’T Mute 


3 
> 


Vxo=2.0V 


Drive Current 


X’T Mute 
Vx0=0.5V 


* Dual Tone Multi-Frequency distortion is measured in term of total out-of-band power related to sum of row and column 
fundamental power. . 


3 
> 


Sink Current 


HOLD OUTPUT 


=| 
> 


Drive Current 
HOLD OUTPUT 
Sink Current 


Keypad Input 


= ~< 
2 U 
> 


zB 
> 


Drive Current 


Keypad Input 


= 
> 


Sink Current 


Control Pin Input 


> 


+105 | +0.1 rz 


Leakage Current 
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AC Characteristics 


SYMBOL PARAMETER pomin, | tye, | Max. UNIT TEST CONDITIONS 
[rome ome mm | — | | — | oe [re 
[= [oe [once 
. Pulse Mute Delay Time 
TEST=1, B/M=60:33 


= [2 [= [oe ra ance 
Pre-Dight Pause Time 
TEST=1, B/M=60:33 
womoracnton [= [ow | — [oe [owe 
wom rom mano [= [oe [= [oe [mee 


-- [| -- 
Pulse Rate 
TEST=0 


: B/M=1 
RB/M Break/Make Ratio 
B/M=0 


oe eorreeme 7 
re [roctonn = 
re [mere | = 
[trae | = 
= 
Co = 
La rea 
ra ct 


Column 1 Frequency 


Column 2 Frequency 
Column 3 Frequency 


Key Tone Frequency 


**Use 3.579545 MHz Crystal (RS=1000, Lm=96mH, 
Cm=0.25PF, Ch=5pF, CL=18pF and AFS + 200ppm) 
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Test Circuit (V+—Vpp, V— —Vss) 


Keyboard 
2: 
Counter & 
AC Meter 
Single Colum 
or Single Row 
4. 
Spectrum 
Analyzer 
Keyboard 
AWA aa etre Vn)? 
THD=20l0g (V,)" + (V2)° ++ +(Vn) 
V (Vi)’+(Vu)e 
Vitter , Vn are harmonic frequency components in the 500Hz to 3400Hz band. 


*Vi, VHare the individual frequency components of the DTMF signal. 
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Column 


Keyboard 


*R: Anyone of R1~R4 

*C: Anyone of C1~C4 

* liko: 1/(1—Duty Cycle) 

* Current(l) is the dc current measured from 
ampere meter. 


* When column drive current is tested, the 
X is Column and Y is Row. When row drive 
current is tested, they are changed. 

* Ikip>=I/Duty Cycle © 

* Current(l) is the dc current measured from 
ampere meter. 
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Functional Pin Description 


*V+(Pin 18) 


Pin 18 is the positive supply for the circuit and must meet the 
maximum and minimum voltage reguirements. 


*V—(Pin 5) 


Pin5 is the negative supply input to the device. This is voltage 
reference for all specifications. 


The Keypad input interface with either the standard 2 of 8 
keyboard or the inexpensive single contact(FormA) keyboard. 
Figure 1. shows how to connect to the two keyboard types and 
Figure 2 shows waveform electronic inputs. 

In normal operation, a valid keypad entry is a single Row 
connected to a single Column. Activation of two or more but- 
tons will result in no response except for single tone, TABLE1 
illustrates address keypads function in detail. 


TABLE 1. Address Keypads Truth Table 


Tone (MODE=0) 
Pulse (MODE=1) 


Two or More 


Under Test 


ee 


rw armors | One 


Column Tone 
[one —_—| ‘TwoorMore _| RowTone _—i| 


| 


COL. _. XK s-s« ROW 
Form A Keyboard 


_ -_ _ 
COL. 
2 of 8 keyboard 


Figure 1. Keyboard Configuration 


td 


«| ee 


ROW 


OPEN 
2 


GND 
. COL 
OPEN OPEN iy 
GND 


td is mininum tone duration plus keypad debounce time. 


Figure 2. Electronic Input 
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*0SC1, OSC2 


Input/Output, Pin 6,7, OSC1 and OSC2 and inputs to an on- 
chip inverter used as the timing reference for the circuit. It 
has sufficient loop gain to oscillate when used with a lowcost 
3.579545MHz television color-burst crystal. The oscilator is 
disabled when no keypad input been sensed. 

An on-board counter is used to decrease the frequency of 
oscillator, and creates keypad deboumce, mute delay, pre- 
digit pause, Break-Make ratio, tone duration, Row group and 
Column group frequency and key tone frequency etc. Any 
deviation from the nominal crystal frequency is directly ref- 
lected in the time parameters above. 


*MUTE 
The MUTE Output, pin 8, is a conventional CMOS inverter 
which is pulled to high normally during standby, but pulled 


KEY IN 


KEY TONE 


MANUAL 


low in the transmitting period of the address code. 


*HKS 

TheHKS, hookswitch, input is used to detect the state of hand 
set in ONHOOK or OFF-HOOK. This is a high impedance 
input and must be switched high for ON-HOOK operation or 
low for OFF-HOOK operation. 


* PULSE Output 

The PULSE Output, pin 10, is consisted of an open drain N- 
channel device. In OFF-HOOK state, this NMOS transistor 
keeps in ON-state only in break duration, but OFF-state in 
make or normal duration, in order to send the pulses train 
of the address codes in pulse mode. Figure 3. shows this 
timing. 


ae { ' 
PULSE a | 
PULSE OUTPUT li pe t IpP | , 


Figure 3. Pulse Mode Timing 
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* DTMF Output 


The DTMF Output, pin 11, keeps low state regardless of keyp- 
ads input in pulse mode but this pin outputs dual or single 
tone using the method illustrated in TABLE1 in DTMF mode. 
In manual dialing, the tone duration equals to the period of 
botton pushed minus the keypad debounce time. In auto dial- 
ing, the tone duration and inter-tone-pause is internally set 
to be 100ms and 106ms respectively. 

Figure 4. shows tone mode tining. 


* KEY TONE Output 


The KEY TONE Output, Pin 12, is a conventionalCMOS inverter 
that is used to drive a piezo buzzer. This pin output is a 1.2KHz 
square wave and provids audible feedback, comfirming that 
the key has been properly entered and accepted. In spite of 
DTMF or PULSE mode, the keytone actuates after any keypad 
(including column4) entry is detect and ceases at the time 
of button released. There is not keytone output whenever 


KEY TONE 
| | 


two or more keyboard botton are pushed simultaneously. 


*XTMUTE 


The X'T MUTE is aconventional CMOS inverter. In pulse mode, 
the X’‘T MUTE always keeps low level. In tone mode, it is also 
at low level with no keypad entry, but goes to high state when 
keyboard is pushed. Figure 3 and 4 show the waveform in 
detail. With the exception of controlling LED for indication, 
it can be used for muting operation in Tone mode also. 


*HOLD Output 


The Hold out is a conventional flip-flop. It is reset to low level 
by picking up the handset, and set to high level responding 
to push the “H” button, and go down if push the “H” button 
again. The “H” key is disabled and reset to low level when 
dialing. The Hold out is used to drive a melody IC for hold 
line application. 


i 


| 


) 
l\ 
secon M|_—— 


MANUAL 


__— 


Figure 4. Tone Mode Timing 
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*MODE 


There are two methods of switching the IC to be pulse or 
tone dialer. One is MODE Selection pin, pull it to high, the 
dialer is in pulse mode. On the contrary, the dialer is in tone 
mode. The other is “P—>T”, pulse to tone keypad, when MODE 
is tied to high(in pulse mode), it is changed to tone mode 
after pushing “P—>T” button. And reset to pulse mode by 
putting the handset back. In tone made (MODE=0), the “P 
—T” button actuates nothing. 

In auto redialing, the “PT” button is notonly changing mode 
but also providing 3.1 sec. pause if it was stored in memory 
previously. 


* TEST 


lf TEST pin is tied to high, the IC is in normal operation. the 
pulse rate is 10pps and single tone is inhibited. If TEST pin 
is tied to GND, the IC is under test, single tone can be created 
with the operation shown in TABLE 1, and all of pulse time 
parameter are divided by rate of 60. 


*B/M 


In pulse mode, the Break/Make ratio is 60:40, if B/M=1:; the 
ratio is 6624:33}4, if B/M=0, the B/M pin influences nothing, 
in DTMF mode. 


* KEYBOARD OPERATIONS 


Note: All the keyboard operations should be under off-hook 
condition. 


1. Normal Dialing 


Select Pulse or Tone mode 

Push [D1], [D4 ---, [Dn D1~ Dn: O~9, *, #;n is unlimited. 
Then the number D1, D2, ---, Dn will be dialed out in pulse 
or Tone mode as selected.(Excluding of *# in Pulse mode) 


2. Redialing 


Select Pulse or Tone mode 

Push [D1],|02, ---,[Onjn<31; If busy, after ON-HOOK, Come 
OFF-HOOK, push [R|, the last number D1, D2, ---, Dn will be 
automatically dialed out in Pulse or Tone mode as selected 
again. 


3. Mix-Dialing 
REDIALING] + [MANUAL DIALING] is allowable. 


4. Pause and Pulse to Tone Keys Operation 


In some case, such as PABX or LDC service, pause should 
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be inserted in dialing sequence and different dialing mode, 
Pulse or Tone mode, is needed. The chip provides user with 
pause function and Pulse/Tone switchable, which facilitate 
flexible application. 
(a) Dialing with Pause 
Select pulse or Tone mode 
Push [D1], P|, (D2), ---, [On D1~Dn: o~8, *, + 
Then the number will be dialed out as following sequence: 
Di, D2, ---, Dn; without pause. 
(b) Redialing with Pause 
When the dialing, operation as above has done, but busy, 
then ON-HOOK. Come OFF-HOOK, push[R], then the signal 
will be dialed out automatically as following sequence: 
D1, pause 3.1 sec., D2, ---, Dn. 
(c) Dialing with Pulse to Tone Key 
Select the Pulse or Tone mode 
Push [D1], [02, ---, [Dn], P>7), 07), DA ---, Dn] 
Then the number will be dialed out as following sequence: 
1) If the mode switch is set in pulse mode, then the output 
signal will be: 
D1, D2, ---, Dn, D’1, D’2, ---, D’n: without pause 
(Pulse mode) (Tone mode) 
2) If the mode switch is set in Tone mode, then the output 
signal will be: 
D1, D2, ---, Dn, D1, D2, ---, Dn; without pause 
(Tone mode) (Tone mode) 
(d) Redialing with Pulse to Tone Key 
When the dialing operation as above has done, but busy, 
then ON-HOOK. Come OFF-HOOK. 
push al then the signal will be dialed out automatically 
as same sequence of dialing with Pulse to Tone key, but 
has a 3.1 sec. pause during changing mode. 


5. Hold Line 


OFF-HOOK when the telephone is ringing. If need hold line 
then: 


Push[H],and melody will be sent. After a moment, if want to 
talk: 

Push [H], again, then melody will be stopped. 

Note: 


1) The pause can be continuously stored for longer pause duration, but every 
pause will occupy one digit of memory size. 

2) The Pulse to Tone Key also can be stored for longer pause but always 
change state from pulse to tone mode. It can be reset to pulse mode only 
in the operation of ON-HOOK. 

3) Hold line is not ON-HOOK state. 


GL6801 


DTMF GENERATOR 


Description 

GL 6801 is a monolithic integrated DTMF - generator in- 
tended for use in a telephone set in parallel with an elec- 
tronic speech circuit. The DC characteristic to the line is 
set by the speech circuit. GL 6801 gives a mute signal 
when sending. Optional singal levels —6 and —8 dBm are 
available. The circuit operates with a single contact or matrix 
keyboard. 


Features 

e Operates with a Standard Crystal at 3.58MHz 

e Wide Operating Line Voltage and Current Range 

e Separately Adjusted Level from the High and Low Fre- 
quency Group 

e Stabilized Signal Level Against Variations 
(Temperature/Line Voltage) 


e Short Start-up Time 

e Minimized External Components 
e Easy PC Board Layout 

e Internal Protection of All Inputs 
Functions 


e Two Tone Generation from High and Low Frequency 
Group 

e Generated Unvalid Signals, if Two or More Keys are 
Pressed Simultaneously. 

e All Tones can be Generated Separately. 


e The Absolute Signal Level Adjusted with R, and Ry. 


e The Stabilizing Signal Level Against Variation In 
Temperature and Line Current. 

e Pause Time and Signal Time Determined Externally 
from Keyboard. 

e Allowed Leakage in Keyboard 1 M®&. Typically 
Threshold 100K. 

e Worked with Electronic Speecher, GL 6901. 


Pin Configuration 


osc] | 
osc] ]2 


SIGNAL LOW BIAS| 43 


16] |COLUMN 697 HZ 
15] |COLUMN 770 HZ 
14] |COLUMN 852 HZ 


SIGNAL HIGH BIAS| 4 13] |COLUMN 941 HZ 


GL6801 
12] |ROW 1209 HZ 
11] |ROW 1336 HZ 
10] JROW 1477 HZ 


VCC & OUTPUT] [8 of |ROW 1633 HZ 


Maximum Ratings 


Max. Continuous Line Voltage Vi (max.) 15 V 
Peak Line Voltage(tp>=2S) = Vitmax.) 20 V 
(tp =20mS) 22 V 
Operating Temeprature _ ° 
Range Topr 20 to +70 °C 


Storage Temperature Range Tsjg —55 to+125 °C: 
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Electrical Characteristics: (T,=—20°C~+50°C, V,=4.3V~9V) 


PARAMETER SYMBOL CONDITIONS : jin, | aye. | Max. UNIT 
Tone Generation DC Level 1.3Vpp Signal p43] | 9 fv 
Line Voltage VE 
Stand by DC Level 2.0Vpp Signal pas} | 9 |v 
Stand by no Key Pressed V, =4.3V = 
Line Current I 
Operating Current V, =4.3V = 
Mute Current | | y JOne or More Keys Pressed 125 
Key Resistance | Be | Key Circuit Closed 


Frequency 
foso = 35 79545Hz 
f1=697Hz 
f2=770Hz 
f3=852Hz 


f4=941Hz 


f5=1209Hz 
{6=1336Hz 
- f7=1477Hz 
{8=1633Hz 


300V3400Hz 
3.4~50KHz* 
SOKHz 


Start up Time 


Harmonics a 


f 


* Single tone distortion is less than (-33 —12 log 


3400) 08m 
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Typical Application 


KEYBOARD R 


LOW FREQUENCY 
DIGITALLY 
SYNTHESIZED 


C2 V 


HIGH FREQUENCY 
DIGITALLY 
SYNTHESIZED 


I 
p~----6)----2L---E----5 


KEYBOARD 
Generation Frequency X-RAL= 3.5795MHz 
PIN 9 > 1633Hz R,=33Q 
PIN 10 > 1477Hz R, =69.8KQ 
PIN 11 > 1336Hz R,=46.4KQ 
PIN 12 ~ 1209Hz C,=3.3nF 
PIN 13 > 941Hz C,=4.6nF 


PIN 14~852Hz 
PIN 15~770Hz 
PIN 16>697Hz 
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GL6840 


ELECTRONIC TWO TONE RINGER 


Description 


The GL6840 is a monolithic integrated circuit designed to 
replace the mechanical bell in telephone sets, in connec- 
tion with an electro acoustical converter. The device can 
drive either directly a piezo ceramic converter (buzzer) or 
a small loudspeaker. In this case a transformer is needed. 
The two tone frequencies generated are switched by an 
internal oscillator in a fast sequence and made audible 
across output amplifiers in the transducer; both tone fre- 
quencies and the switching frequency can be externally 
adjusted. 

The supply voltage is obtained from the AC ring signal and 
the circuit is designed so that noise on the line or varia- 
tions of the ringing signal cannot affect the correct opera- 
tion of the devices. 

The output bridge allows to use a high impedance 
transducer with acoustical results much better than in a 
single ended configuration. 

The two outputs can also be connected independently to 
different converters or actuators (acoustical, opto, logic). 


Feature 

e Low Current Consumption, in Order to Allow the 
Parallel Operation of 4 Devices 

e Integrated Rectifier Bridge with Zener Diodes to 
Protect Against Overvoltages 

¢ Little External Circuitry 

¢ Tone and Switching Frequencies Adjustable by 
External Components 

e Integrated Voltage and Current Hysteresis 

e Bridge Output Configuration 


Test Circuit 


3.56 - 10‘ 


= TR, (kQ)_ (See fig. 4) 


f,= 0.725, f 


Pin Configuration 


(Top View) 
LINE| 91 8f | LINE 
GND| } 2 7] ] RECTIFIER CAPACITOR 
GL6840 
SWEEP RATE 


6f | Nc. 


5 | BUZZER 


| 43 
| 4 


CONTROL CAPA. 


OUTPUT FREQ. 
CONTROL RESISTOR 


Absolute Maximum Ratings 


Calling Voltage (f=50Hz) 120 Vims 
continuous 
Calling Voltage (f=50Hz) 200 Vee 


5s ON/10s OFF 
Supply Current 30 mA 
Operating Temperature -—20 to 75 °C 
Storage Temperature =65 {0 150 *C 


_ 750 
SWEEP C, (nF) 


FIG. 1 


4-100 


GL6840 


Electrical Characteristics: T, = 25°C unless otherwise specified 


CONDITIONS 
V5=16.5 to 29.5V 


PARAMETER 
Supply Voltage 


SYMBOL 


Current consumption 
without load (Pins 1-8) 


Activation voltage 


Sustaining voltage 


Parr 
oO 
n 
n 


Differential resistance in 
OFF condition 


Output voltage swing Vout 


Short circuit current lout Vs=20V 
(Pins 5-6) 

Voltage drop between 

Pin 8-1 and Pin 7-2 


Output frequencies 
fouT 1 
fouT 2 


fouT 1 

fouT 2 

Programming resistor range 
Sweep frequency 


oO} N 

AK | © 
es < 
Ol al | 
oO 

o 

re) 


” 


<< 

“tl 

2 O 

<< 

i fee 
i) 

NO 
® 


6 


=14KQ C,=100nF . 


Typical Application 


TYPICAL APPLICATION WITH 
BALANCED OUTPUT Fi our VS Ry 


R, TTTI TI IIT TTT Ti te 
(Ka) FEE 


40 


30 a5 


2074 age Shs aan 
a a Sea— 2. eee 
Stoo ag 
4000 1500 2000 2500 F, (Hz) 


FIG. 3 
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GL6901 
SPEECH CIRCUIT FOR USE 
IN ELECTRONIC TELEPHONE 


Description 

GL 6901 is monolithic integrated speech circuit for use in 
electronic telephones. It is design- ed for use with a low 
impedance microphone and to form a part of the transmission 
function in a telephone set. Sen- ding and receiving gain is 
regulated with line length. 


Pin Cinfiguration 


vCC 
(SENDER OUTPUT a 
RECEIVER INPUT)L!_] 1 


SIDE TONE INPUT 5 15 


16] 16 [RECEIVER OUTPUT 


14] 14]RECEIVER INPUT 


RECEIVER OTUPUT 


SENDER INPUT| 3 [3 


BIAS REGULATION] 4 | 4 13 
GL6901 
MUTE INPUT | 5 ]5 


SIDE TONE INPUT] 6 [6 


Features 

e Low Voltage Operation (Down to 3.5V) . 

¢ High Output Swing on Long Lines, OdBm Down to 
10mA 

¢ Cut Off of Sending Amplifier with External Contact 

¢ Very Short Start-up Time 


SIDE TONE INPUT} 7 |7 


SIDE TONE OUTPUT| 8 |8 


Maximum Ratings 


¢ Minimum Number of External Components Line Voltage (tp=2S) Voc 22 V 

° Receiving Gain Determined with Only Resistive Continuous Operating — Ing 100 mA 
Elements Line Current 

° 20 dB Extra Gain with Volume Control for the Receiv- Operating Temperature Top, —809tTO. °C 
ing Amplifier Range 

* No Interaction Between the External Components Storage Temperature = Ts —55%+125 °C 


Range 


C—O 


Functions 

¢ Line Balance, Side Tone and Frequency Response 
Adjusted 
Mute Function for Parallel Operation with DTMF or 
Pulse Sending Device 

¢ Pushbutton Controlled Cut-off of ane Sending 


Amplifier 

e Line Length Compensation of Side Tone Level 

° Setting of the Gain and Frequency Response for Sen- 
ding and Receiving 

e Sending and Receiving Gain Regulated with Line 
Length 

e Radio Interference Suppression 
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Electrical Characteristies (At T,=25°C, No cable and no line rectifer unless otherwise specified) 


PARAMETER CONDITIONS [= [= [of UNIT 


20:logio (“2 


Terminal Voltage 


Transmitting Amplification =) short line 


Transmitting Range of Regulation} Short line to long line 


Receiving Amplification 20: logue + -) short line 


Receiving Range of Regulation Short line to long line 


Transmitter Output Noise 


A-weighting, Rel. 1V R, =O 


Receiver Output Noise 


with cable 


* Adjustable to both higher and lower values with external components. 
* * The output impedance can be adjusted with an external resistor. This gives a corresponding change in the output swing. 
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GL6901 


Test Set Up 


R 
feed MUTE 
R, 
= 10H le : 
MICROPHONE 
CABLE y 
e V; 
“= | ooo GL6901 
WITH EXTERNAL 
COMPONENTS 
v1 le 
Z oan 
e ie 
TRANSMITTING CUT-OFF OUTPUT ° 
Typical Application 
i 900 Q; 10KQ 182KQ 1 
| 
| 4 
| 
1 
l 
re ; 
1 12 E 
15 nF ' 
Pe | 
| —_ san = 
| | 47 uF ir 
| i37KoL ~eeht r 
I 
I © 
682 2 
; 75KQ 
l I Q. 
LINE ——© 
| ena: 


External RC-networks 
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@ Line impedance and radio interference suppression 
@) Sender amplifier, gain set and frequency adjustment 
©) Receiver amplifier, gain set and frequency adjustment 
@) Side tone adjustment 


GL6981 


LOW VOLTAGE SPEECH CIRCUIT 


Descriptions 


The GL6981 is a bipolar integrated speech circuit for 
use in electronic telephones. The circuit is designed to 
operate at low supply voltages down to 1.3V making it 
usable when connected in parallel with other 
telephones. 


A differential-input microphone amplifier permits the 
use of a dynamic microphone. Electret microphones 
(with built-in FET buffer amplifiers) may also be used. 


Gain regulation circuitry provides compensation for 
loop losses in both the transmit and receiver amplifiers. 


The receiver amplifier has a balanced push-pull output 
stage for good driving capabilities even at low supply 
voltage. 


A straght-forward design procedure simplifies adapta- 


tion of the circuit to suit different transducers and bat- 
tery feeding systems. 


Features 


e Low voltage operation down to 1.3V DC. 
e AC voltage swing down to 0.4V. 


e Transmit and receive gain compensation. ; 
e Differential microphone input for dynamic 
microphone. 


e Current generator output powers electret buffer 
amplifier or pulse dialer. 

e Balanced receiver output stage. 

e 16 pin "batwing" DIP handles 1.5W power dissipation. 


Pin Configurations 


RE1 


GL 6981 al: 


M11 


MO 


Absolute Ratings 


Line Current | ---------------------------------nnnnnnnnnnnnenn 150 mA 
Line Voltage VL Continuous --15 V 
tP = 25 ~-----—-——-------------—-----—- 20 V 
tP = 10Ms ---------------------------- 22 V 
Power Dissipation -------------------------------------2----- oo 1.5W 
Operating Temperature ------------------------- -20°C + 70°C 
range Tamb 
Storage Temperature ------------ -------------- -55 to + 125°C 
range Tstg 
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Electrical Characteristics DC Characteristics : | 
Tamb -25°C. Measured using test circuits of fig. 1 and 2 without artificial cable. unless otherwise noted. 


PARAMETER CONDITION 


Line Voltage 


UNITS 


Transmitting gain 


Z 
{ic stable with R2 and R3) 
00 


Do oe 


Transmitting gain, 7 f = 1 kHz, RL = Oto 
Range of regulation R= 


Transmitting frequency 
response 200-3400 Hz 


Receiving gain Va, 20 lo 
2 ve Pua a) 
saa a with R10) 
= 00) 


= 4000 
Ft = 900 to 22002 


Receiving gain, f = 1kHz,R, =0 
range of regulation toR, =9 
Receiving frequency 

response 200-3400 Hz 


> 
4 rN 


> 
On 


6 
at .. - 
Input impedance, _ 
macrophone amplifier 2.5/1.8 kQ 
Transmitter dynamic Vo 200-3400 Hz, THD < 2% 
outout level IL = 20-100 mA Vpeak 
Transmitter maximum Vo 200-3400 Hz 
-| output level lk, = 0-100 mA 

V3 = 0-1V Vpeak 
Recaiver output 
impedance — f = 1kHz 310+6 
Receiver dynamic Ve 200-3400Hz, THD £ 2% 
output level IL = 20-100 mA Vpeak 
Receiver maximum Vo 200-3400 Hz . 
output level lL = 0-100 mA 

1 = 0-50V Vpeak 

Transmitter noise level V2 ipo Pala tog weighted 

relative to 1Vims; =0 -70 
Receiver noise level V4 A-weighted, relative to 

1Vims, with artificial cable: 

-5 km, 0 = 0.5mm 

0-3 km, 0 =0.4mm 
DC current to external Imic | Pins to and 11 to pin 6 
microphone amplifier IL = to-150 mA 

bC-current at pin 9 


Mute current Imute | IL = 10-150 mA 
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GL6981 


Test Circuit 


(E) + LINE 


GL6981 


| aa 
MUTE o i ee 
MICROPHONE 
(8 
it WI | 
47nF 
9.6k are 
te : 7 
R10 > 7.7k 
C2 | 
R8 
(F) - LINE 


0.23uF 


of 
ay 


Fig 1. Basic Circuit 


Rteed soo 1) Reed 00 (2 
E 0% 4k 
L Vz= 15 ~ 18V 
ZmIC 
360) 
| v3 
| Basic 
Circuit 
ZREC 
360) 


Fig 2-1. Test Circuit without Line Rectifier Fig 2-2. Test Circuit with Line Rectifier 


Other connections is | 
same as basic circuit. 


a Line 
Fig 3. DC-Current for external microphone 
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Pin Descriptions. 


NAME 


Output of the DC-regulator and transmit amplifier. This pin is connected to the line 
through a polarity guard diode bridge. | 


+ 
rm 


Oo 


Output of the transmit amplifier. This pin is connected to a resistor R4 of 472, to 1002, to 
-L. which in practice sets the DC series-resistance of the circuit. The output has a low AC 
output impedance, and the signal is used to drive a sidetone balancing network Rs, F7, 


R8 and C2. 


Input of the transmit amplifier. 


The negative power terminal, connected to the line through a polarity guard diode bridge. 


This pin is the positive power supply terminal for most of the circuitry inside the GL6981 
oun 1 mAcurrent consumption). The majority of the line current however, passes 
through the TO and +L pu ie above). The +C pin shall be connected to a 
decoupling capacitor, C4, of 47 to 150 uF. 


This pin is control input for the gain regulation circuitry. 
MUTE |The MUTE input which requires min. 100\.A to mute the microphone and receiver 
amplifiers. 


Output of the microphone amplifier. When electret microphones are used this pin can be 
eth a as a current generator output. See functional description for pins 10 and 11 
elow. 


+C 


M11, M12 | Inputs of the microphone amplifier. The input impedance at these pins is approx. 2.5k0). 
Connecting pins 10 and 11 to a 6, (+C) switches pin 9 (MO) to a current generator 


output, that sources about 300 A for an extenal electret buffer amplifier. 


R1 Input of receiver amplifier. Input impedance is approx. 35k1). 
Receiver amplifier output. The output is intended to drive low impedance receivers. 


BS 


15, 16 
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Functional description 


The GL6981 contains a DC-regulator, a microphone 
amplifier, a transmit amplifier and a receiver amplifier. 


The DC-regulator detemines the voltage/current charac- 
teristics of the circuit looking from the line, the circuit 
acts as a reference voltage of approx. 

3 Voltage in series with a resistor (externally set). The 
voltage reference is derived from a bandgap reference, 
which provides for temperature-stable DC-characteris- 
tics. To maintain operation even when the line voltage 
(inside polarity guard diode bridge)drops below 3 Volts, 
the circuit automatically switches to a lower reference 
voltage. 


A microphone amplifier with a differential input stage, 
and hence good common mode rejection, is provided 
for low-sensitivity magnetic or dynamic microphones. 


The transmit amplifier receives its input signal either 
from the microphone amplifier or from a separate 
electret buffer amplifier (that can be powered directly 


R1=18kQ R6 = 62k R14 = 3100) 
R2 =9.6KQ. R7 = 620) R12 = 43k 
R3 = 4.7kQ. RB = 2.1kQ) R13 = 30kN 
R4= 470 R9= 68k?) R14 = 9100 


from the circuit). The transmit output stage contains the 
previously described DC-regulator. The AC-gain is regu- 
lated with the line length (selectable) and the output 
level is amplitude imited to eliminate sidetone distor- 
tiobn at high transmitting levels. 


The sidetone cancellation (or hybrid function) works as 
follows: A signal on the line is taken from the transmit 
amplifier and fed through a sidetone balancing network 
into the summing junction of the receiver amplifier. The 
(inverted)signal from the line is added, and sidetone 
cancellation occurs. Only the receive signal, together 
with a much weaker sidetone signal is lelt at the input of 
the receiver amplifier. 


The AC-gain of the receiver amplifier is also regulated 
with the line length. The output from the receiver 
amplifier is intended to drive low-impedance (down to 
1500hms) receivers. An internal clipping network limits 
the signal to the receiver and prevents acoustic shocks. 


R15 


R16 = Adjust for DTMF levels C5 = 15 nF 


C1 = 68nF Z = 15V Zenerdiode 5 W 
C2 = 0.22 uF 
C3 = 47 nF 


R5 = 1300 R10 = 3.3kM to 10kNR15 = 5to10kQ. C4 = 100 uF 
Fig 4. Basic application of GL6981 or 48V 2x200 {) battery feeding system and dynamic or magnetic microphone 


and receiver. 
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Applications information 


The GL6981 is a flexible circuit designed to meet 
specifications from telephone administrations all over 
the world. Adaptation to different battery feeding sys- 
tems and transducers is mede by selecting the values of 
a few external components. Figure 4 above shows the 
GL6981 and associated components in a_ basic 
telephone speech network. To complete an electonic 
telephone, the circuit needs to supplemented by a tone 
Ringer and a DTMF or pulse dialer circuit. 


Then proceeding through a design, some of the circuit 
adjustments will interact with each other. It is therefore 
recommended to adjust the parameters in the following 
order. 


1. Impedance to the line. 

2. DC-charactristics. 

3. Microphone selection, transmitting gain and frequen- 
cy response 

4. Gain regulation. 

5. Side-tone level, 
response. 


receiving fain and frequency 


Impedance to the line 


The output impedance of the circuit is determined by 
R14 in paraltel with C5. R14 is normally set to a value 
between 600 and 900W to satisty the return loss requre- 
ments. R14 also supplies the operating current for the 
majonty of the circuitry inside GL6981. 


It is recommended to select a value near 9002) , in order 
to maximize the available output level from the transmit 
amplifier a lower value of R14 requires a larger capacitor 
C4 for the stabilization of the supply voltage at pin 6. C5 
should be located near the circuit to effecively supress 
any radio interference pick-up. 


DC-characteristics 


The DC-behaviour is adjusted by resistor R4, which 
determines the slope at the V-i curve. For line currents 
above 10mA, the circuit acts as a series combination of 
R4 and a zener diode of 3 volts. 


The minimum working voltage is approximately 1.3volts, 
which corresponds to about 2.5mA line current with R4 
= 472). 

.R4 should be selected to give a safe operating point at 
very short leops. A low value results in excessive current 
through the circuit, while a larger resistance may raise 
the voltage above the maximum rated. Suitable values 
of R4 ranges from 47 to 100() depending on the battery 
feeding system. 


Microphone selection, transmitting gain 
and frequency response 


The microphone amplifier section is intended for low- 
sensitivity dynamic microphones and provides about 26 
dB voltage gain. A differential input stage (pins 10 and 
11) gives good common mode rejection. A resistor R1 
as shown in figure 4, may be required to define a correct 
load impedance for an electromagnetic microphone if 
used. Dynamic microphones can be connected directly 
to the input pins. 


The total transmitting gain is adjusted by a resistive at- 
tenuator R2 and R3. Capacitor C1 is inserted to give a 
low-frequency cut-off in the transmit path. The values of 
R2 and R3 should be selected to present about 3kQ. 
source impedance for the transmit amplifier input at 
pins. 


The transmit amplifier itself has a current generator out- 
put which means that the voltage gain is partly defer- 
mined by the ratio between R14 in parallel with the line 
impedance and R4. The voltage gain from the input at 
pin 3 to the output output(pin 1) varies approximately 
between 32 and 37 dB over the regulation range with 
R14 = 9000). R4 = 472) and a line impedance of 60029. 
The available gain is therefore enough to enable an 
electret microphone to be connected directly to pin 3. In 
such a case, it is necessary to utilize the current gener- 
ator at pin 9 to feed the electret buffer amplifier since 
the transmit amplifier itself is not affected by the MUTE 
input. The current generator at pin 9, which is switched 
off when the circuit is muted, is selected by tying pin2 
10 and 11 to pin 6. Another method of interfacing an 
electret microphone is shwon in figure6. 
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1000 


1500 
Line resistance ohms 


Fig 5. Gain Regulation 


Gain regulation 


Automatic gain regulation circuity in the transmit and 
receiver amplifiers reduces the gain when the loop 
length decreases. The control voltage for the gain 
regulation is fed into pin 7. By changing the resistive at- 
tenuator consisting of R12 and R13. It is possible to 
shift the location of the regulation curve to get a correct 
compensation in different battery feeding system. The 
slope of the curve is determined by R4. 


Side-tone level, receiving gain and 
frequency response 


Side-tone cancellation occurs at the input of the receiver 
amplifier pin 14, which receives oppostite-phased trans- 
mit signals from the line and the side-tone network 
respectively. 


ms, 


Resistor R5 and the actual balancing network consisting 
of R7, R8 and C2, simulates a first order approximation 
of the output impedance of the circuit and the line im- 
pedance. A practical sequence for determining the 
component values in the side-tone network is given 
below. 


1. The value of R5 is chosen from two to four times R4. 


2. R7, R8 and C2 should simulate the amplitude and 
phase response of the line impedance seen at the line 
terminals. The impedance level of the balancing net- 
work should be about one tenth of the line impedance. 
The values given in figure 4 is a good starting point in 
most cases. | 


3. The ratio between R6 and R9 should be set to make 
the signals coming from the line and from the side-tone 
network equal in amplitude so that cancellation occurs. 
The value of R6 should be about an order of magnitude 
larger that the impedance level of the balancing net- 
work. 


4. R10 is selected to give the desired receiving gain. 


5. Steps 2 to 4 above may have to be repeated to give 
the required side-tone level and receiving gain. 


The coupling capacitor C3 is needed for low-frequency 
cut-off in the receiver amplifier. The input impedance at 
pin 14 is approximately 35 k{). A balanced push-pull 
output stage provides good driving capabilities even at 
low supply voltages. The circuit is intended to drive low- 
impedance (down to 150 {)) receivers. High-inductance 
magnetic receivers may require a series resistor R11 to 


define a correct driving impedance. Internal clamping 
diodes in the output stage prevent excessive acoustic 


levels which may cause damage to the listeners ear. 
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GM62093 


12 x 8 CROSSPOINT SWITCH 
WITH CONTROL MEMORY 


Description 

The GM62093 contains a 128 array of Crosspoint 
together with a 7 to 96 Line decoder and latch circuits. The 
GM62093 employs GS ’s advanced High voltage CMOS 
process technology. It provides extra low operating cur- 
rent and low power dissipation. 

Anyone of the 96 switches can be addressed by selec- 
ting the appropriate 7 input bits. The selected switch can 
be turned on or off by applying a logical one or zero to the 
data in and the strobe input at logical one. A reset signal 
can be used fo turn off all the switches together when is 
switched at logical one. The GM62093 is available in a 
40 lead dual in-line plastic and ceramic packages. 


Features 


CMOS 12 x 8 Cross Point Switch with Cortrol Memory 
Low On Resistance: 452 Max at Vpp =14V 
Internal Control Latches 

A Ron 152 Max 

6Vpp Analog Signal Capability 

Less Than 1% Total Distortion at 0 dbm 

Extra Low Operating Current 

Extra Low Cross-Talk Between Any Two Switches 
Standard CMOS Noise Immunity 

TTL Compatible Input 


Block Diagram 


DATA RESET 


8 colenTonTos[esTesTeeTEs 


50 00o000c 
PAI LILILILIE 


STROBE 9 


ADDRESS 


AXO = 
AX1 = PRO OOOO 2 
wets} |e] Gooooodd fF 
AX3 a 5 PAL IUIQICICILICA {2 
woe? | | 3 : 
AY = 


eHTILILICICICIEH x11 


YO Y; Input (i=O~7) Y7 


Pin Configuration 


(Top View) 


G) 
= 
oO) 
N 
o) 
Re) 
ro) 


Applications 
e PBX Systems 
Mobile Radio 


e 
e Test Equipment Instrumentation 
e Analog/Digital Multiplexer 


Absolute Maximum Ratings 


DC Supply voltage Vop =—0.5 to 16 V 
Input voltage range Vin 0.5 to Vpp +0.5V 
DC input current (analog input) Ih, +10mA 
Power dissipation Poip-pIP) 0.6W 

(C-DIP) 1W 
Operating temperature range Topp “O* to 70°C 


Storage temperature range Tstg —65°C to 150°C 


Recommended Operating Condition 


DC Supply Voltage Vop 7to16 V 
Input Voltage Range Vin Oto Vpp 
Operating Temperature Range Topp Oto 70 °C 
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Static Electrical Characteristics: (T,=0°C to 70°C, Vpp=14V) 


[srweou] —__PARAWETERS | ____‘TESTCONDTION [MIN] TYP | max [UNIT] 


e CROSSPOINT 


igi Vv 100 A 
Quiescent Supply Current AED Oie! DUS a ee | |_| 100 | pa | 
All Digital Inputs at 2.4V | fo 7 | 18 | ma. 


i Vinc=3.5V and 
On Resistance IDC 
Ron Difference Between Any 
All Switchs Off 
| Off Leakage + 
Vos=Vis=O to Vop || [#800] na 


0 
Min [nou igh Votage—SSSSC~—S~B 
Them [nou Lesage —SS~id Yum Void ww 


Dynamic Electrical Characteristics: (T,=25°C, C,=50pF, Vpp=14V) 


SYMBOL PARAMETERS TEST CONDITION MIN] TYP | MAX | UNIT 
© CROSSPOINT 


i. Propagation Delay Time Se heroes 30 | nS 
Vis=2Vpp 


Frequency Response Ry = 1k, Voc =5V 
[20 log(Vour/Vin)= —3aB J Vis=2Vpp. C,=3pF 


Sine Wave Response (Distortion) | R,=1k@,Vp¢=5V.Vis=2Vpp, f=1MHz] | | 1 | % 


lbp 


fres 


Feedthrough (All S/W’s Off) Ry = 122, Vpo¢ = 5V.Vis=2Vpp, f= 1 OKHZ 


Crosstalk Between Any 
=50Q, Ry =1k2.Vic=2Vpp, f=1K 
Two Channels Rs ioe ee ne 


Cy Capacitance (Xj to Ground) Switch Off ae 
Cy Capacitance (Yy to Ground) Switch Off Po 


Strobe to Switch Delay R.=1KQ. t,=t=20nS _ 
top Data to Switch Delay R, =1k2. t-=t=20nS )180_ 


— 
Ts 
ca [Adare to Swicn Deay | AL=t4@ muezons «|| _—*id 200 
cn [Reset to Swich Dey —[Raim® t=yeamns || * 200, 


tsp Data Setup Time _ 
R, =1k, t-=t=20nS 30 
ts, | Address Setup Time . -™ 
Data Hold Time 
R, =1kQ, t-=t;,=20nS 30 
toy Minimum Strobe Pulse Width 2 ae 
RW Minimum Reset Pulse Width pi eee aon 


coe moon me) 


S 


O 
=~] 
B 


oe) 


n 
n 
n 
n 


S 
S 
Ss) 
ns 


ns 


~ aa 
a 
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Functional Description 


The GM62093 contains a 12 X8 array of analog switches, 
each with a latch to maintain its on(closed) or off (opened) 
state. 

Seven ADDRESS lines (AXO~AX3, AYOWAY 2) are pro- 
vided to address any one of the 96 switches. 

After any one of the switches is selected, the DATA pin 


Timing Diagram 


| tsw | 


GM62093 


may be held high to turn the switch on, or low to turn it 
off. Finally a positive pulse to the STROBE pin initiates the 
action determined by the ADDRESS and DATA pins. All 
96 switches can be turned off by forcing the RESET pin 
high. 


| tos | 
tsa | tua 


appress KKK 


ANALOG 
OUTPUT 
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— eee ee ee ee 


ca 
ALL S/W'S OFF 


_GM62093 


2 AX3 AYO 1 AY2 


Truth Table 


> 
~x< 
© 
> 
= 
> 
>< 
~< 
> 
—< 
me 


) 


<_o|}-o-0-o0/;-0-0-0 


XO -Y1 
i 
X11-Y1 
XO -Y2 
1 4 
X11-Y2 
X0 -Y3 
4 
X11-Y3 
XO -Y4 
X11-Y4 
XO -Y5 
1 4 
X11-Y5 
XO -Y6 
1 4 
X11-Y6 
XO -Y7. 
, 4 
X11-Y7 


ah 
o<-oOl/o<-olo0-+--00/00+-00 


_ 
oO<-O/O<O 


<-o|-<O ? 
a<o]-<o]- <ol|- <o0|/- << ol <0/- -<0/= += CDA000/]=]-0000 
a<ol|-<o]-<o]- <o0|- <0] < o|]— -— o]/- += = += ]+-+|O00000 


oO <-O}/O0 <- O]0 <O 


a<-i41lo+ol— << 3/0 + O|] -< =|0O + O]- << +=|OODODOO|/O0O0O00°0 
m<_ ali e410 << O]O < Of] — H/[ KH H/O << OJ/ODDODOO|OO0O000 
ae afo eafo eal ee 3/0 << OO << O10 —< O/OODDDODO/OOO0O00 


Ax=0110, 1110, 0111 and 1111 and not allowed 


imensions . ; ; 
Package Dime Dimensions in mm 


14.1 Omax i» saline 
< : 
Pee EEE EEE 0 aaunend 0.25 
1.27 }1 4 
16.8Qmax 
15.20+16.68 
P-DIP C-DIP 
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REMOTE CONTROL APPLICATION 


GM3043 


CMOS REMOTE 
CONTROL TRANSMITTER 


Description 


The GM3043 is a CMOS IC for control circuits of infrared 
remote control transmitter which is available for TV, STE- 
REO, VTR and TOY etc. GM3043 is designed to transmit 
8960 commands[(32 KEY +3)256 custom code]. For 
the digital commands, this uses a P.P.M system of 16 bit » 
code, which transmit the code twice(invert in the second 
time) to prevent operation by false codes. This IC is de- 
signed to be received with 4 bit CPU(DTS). 


Pin Configuration 


Features NO aoa sae 


Low Voltage Operation .................. Vpp = 2.03.3V 
Low Power Consumption ... Inp<1 yA at Standby Mode 
32 Function KEY and 3 dual Action KEY 

256 Custom Codes Selected by External Diode 

16 Bit Pulse Position Modulated Code 

High Efficiency Transmission.... IR LED on Duty 3% 
indicator Output 

Package .........000++. 20 SO Package 


Block Diagram 


CERAMIC RESONATOR 
455 kHz/480 kHz 


a 


osco "A cosa Ne son 
3 U 


OUTPUT CONTROL 
DIVIDER CONTROLLER 
== 


3V 


ed 


INFRARED LED 


INDICATOR 


"a | 
is 
a 
On x 
m 
ze = 
OH 2 
+ 
Uv 
a S 
at 
ia 
ae 


& 

Be 
& 
Ce 

ae 
as 
as 
& 
ay 
y 


CUSTOMER CODE SELECT DIODE 


GM3043 


Absolute Maximum Ratings (T,=25°C) Recommended Operating Conditions 
Supply Voltage Vpp-GND 4.0 V MIN TYP MAX UNIT 
Input voltage Vin-GND -0.3to Vp V “Supply Voltage Vo, 2.030 33 V Voltage a 203033 V 
Output Current lOHIREM, -15.0 mA Oscillation Frequency fogc¢ 400 455 500 kHz 
——— oe Lamp Output Current Io, (mp) 1 mA 

Power Dissipation Py 250 mW $$ 
Operating Temperature ce. _20~ +75 °C 

Range P 
Storage Temperature i. ~40~+125 °C 

Range 9 


Electrical Characteristics (T,=25°C, Vpp=3.0V) 


Custom Code Select Input 
Custom Code is selected by diode Connection to Key Output (Ko0 to Ko7) 
This terminal is usually pull up to Vpp by internal Resistor. 

CCS Ko0 Kal ‘Kee Ko3 Ko4 —s KS 


Custom Code Select 
Example .... CO to C7 = 00011110 


GM3043 


Key Data Code 


TeyL__—CONNECTION | DATACODE | REMARKS 
Ko | Kit | Ki2 | Ki3 | Ko | D0 | Dt | D2 | DS | D4 | Ds | 
pot | | Loto} oto | 


K1 


Dual Action Key Code 


KEY —*d OT [be [os [oa [0s [6 [O7 | REMARKS 
arene f+folt+foli{1jojo, 
erences foli{+jol1|[1jolo, 
arena tr tr tr fof+[1fofo, 


Custom Code 
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Operation of Dual Action Key 


Keys (K21 to K24) are used for preventing failure caused by mistakes 
Ex: Cassette Tape Recoder K21 .... REC KEY 
ss K22 .... PLAY KEY 


ee 
es 
[ker enesSSCid CP 
es 


(a) Operation 


K21 TRANSMISSION D5+K22~24 TRANSMISSION 
PUSH t>108 ms 
K22~24 
(b) No Operation PUSH 


| | K21 TRANSMISSION NO TRANSMISSION 


36 ms<t<108 ms 


(c) No Operation 


NO TRANSMISSION 


—36 ms<t<36 ms 


ae 


K22~v24 


(d) No Operation 


t>108 ms 


K22~24 z 
K22~%24 TRANSMISSION NO TRANSMISSION 
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Remote Output Waveforms 


ig ot hae: meta" sat aa a are sa gigs 


as CODE 


4 | ] JU } | | | | 


8.77 us 


9 ms or 0.56 ms . 


CARRIER FREQUENCY ... f,=f,,,/12=38 kHz 
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GM3044 
CMOS REMOTE 
CONTROL TRANSMITTER 


Description Pin Configuration 


The GM3044 is CMOS IC for control circuits of infrared 
remote control transmitter which are available for TV, 
STEREO, VTR and TOY etc. 

For the digital commands, this use a P.P.M system of 16 
bit code, which transmit the code twice (invert in the se- 
cond time) to prevent operation by false codes. 

This IC is designed to be received with 4 bit CPU(DTS). 


1 
GM3044 
1 


Feature 


Low Voltage Operation ----+--------++... Vpp = 2.03.3V 
Frequency Select Terminal is Attached 

LED Driver for TX is Included 

32 Function Key (8 x 4 key Matrix) 

e Custom Code is Included 

e 16 bit Pulse Position Modulated Code 

¢ Custom Code Select Diode is not Necessary 

e Package ------------+- 20 SO Package 


Block Diagram 


INFRARED 


LED 
DRIVER 


6 6 , 
N ZIN CIN ZI 
WY WY WY 
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Absolute Maximum Ratings (T,=25°C) 


Supply Voltage Vpp-GND 4.0 V 
Power Dissipation Pa 500 mW 
Operating Temperature 

Range Topr =20 to +75 °C 
Storage Temperature 

Range T stg —-40 to +125 °C 


Electrical Characteristics (T,=25°C, Vpp=3.0V) 


ee 
ViH(Kl) PIN 14 


PIN 14 


PIN NO. SYMBOL DESCRIPTION 


Key Input; Internally Pull-down to GND by Resistor. 


Remote Output 


Positive Supply ... 2.0 to 3.3V 


Normaly ‘‘H” state, due to Internal Pull-up Resistor to Vpp. 
In order to test, set to “L” state. 


Oscillator Output Ceramic Resonator 


Oscillator Input (400 to 500 kHz) 


LAMP Output ...... Indicator for Transmission 
12-19 


KoOvKo? Key Output 
As Time of 36ms has passed after key-push, REM Output is transmitted. 
20 . 


FS Frequency Select 
When set to “H” state, the basic frequency is reduced to half the normal one. 
Therefore, 64 function keys can be available. 
When used as 32 function key mode, set to ‘“L” state. 
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Key Data Code 


led 


= 
<x bel se ee Oe Oe ee Od mpm pepe pete 
a) 


Oo 
© | oy 
aS 
Zz 

Ol- 


K21 + K23 
K21 + K24 


K21 + K22 


Dual Action Key Code 


Soe Pe Petr Popo 


é 
Lu 


ROM Data for Custom Code 


o7 
rots t+f+fot+ t+ fo 


CO 
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| GM3044 


Remote Output Waveforms 


* For tose = 4095kHz, FS=“L”", 
* For FS=“H’’, time is doubled 


108 ms 


I 


9ms ms 


CUSTOM CODE !GUSTOMCODE| DATA CODE DATA CODE 
-2 IS 8 bits 8 bits 8 bits 8 bits 


LEADER CODE 
27 ms 27 ms 


67.5 ms 


0.56 ms ok 
9ms 4.5 ms al 
13.5 ms 1.125 ms 2.25 ms 
6) 
1 1 8) 


11.25 ms 


CARRIER 


8.8us 


aida 9 ms or 0.56 ms 


CARRIER FREQUENCY ... f,=f,,,/12=38 kHz 


Description 
The GL3274 is a bipolar IC for receiving preamplifier 


of infraredremote control system. It is comprised of a 
primary stage amplifier, limiter amplifier, BPF, signal 
waveform detecting circuit, waveform shaping circuit, etc. 


Features 


Low Power Consumption (Voc =5V, 9 mW typ.) 
Low Power Supply Voltage (Vo; = 5V) 

Built-in Filter (Enables to Vary Center frequency 
with an Externally Attached Resistor. 

fo =30 kHz to 60 kHz, 40 kHz typ.) 

It is free from Inductance due to Magnetic Field Si- 
nce it uses no Inductance Coil. 

Possible to Direct Connection to a Photodiode 
OpenCollector Output (Possible toDirect Connection 
to TTL and CMOS) 

Package .... 8 SIP(A) or 8SOP(D) 


Block Diagram 


Pin Configurations 


GL3274 


Preamplifier for Remote Control Use 


Absolute Maximum Ratings (T,=25°C) 


Supply Voltage Voc 17 V 

Input Voltage VIN SS) Vo-p 

Operation Toor += 2076475 oC 

Temperature 

Storage 2 

TSaiperalire Tstg §5 to +150 C 

Allowable Power Pp 0.6 (A) W 

Dissipation 0.3 (D) W 
Recommended Operating Condition 

Supply Voltage Voc 4.7 to 5.3 V 


Detector & 


Comparator Integrator 


Hysteresis 
Comparator 


GL3274 
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Pin Description: Pin voltages are depended on the DC Characteristics Test Circuit. 


An input pin. 
Connect a photodiode with PIN 
structure between the pin and GND. 


Connect a resistor and capacitor in series 
between the pin and GND and set the 
frequency characteristics and gain of 

the “Head amp”. 

When the resistance is large and 
Capacitance is small, the gain becomes 
small. 

When the capacitance is large, the sen- 
sitivity is lowered against the transient 
response. 


Connect a detection capacitor between 
the pin and GND. 

When the capacitance is large, the sen- 
sitivity becomes lowered against the 
mean value detection wave and transient 
response. 

When the capacitance is small, fluctuation 
of the peak detection wave and output 
pulse width becomes large. 

The capacitor to be used is of standard 
3.3 uF, however, set it so that the output 
pulse width fluctuation and noise elimina- 
tion characteristics become optimum. 


{K 
3 C2 1.5V 
16.5K 3K 
3 pin 


An GND pin of the IC. 
Make the pattern design so that the parts 
to be attached externally will be located 

as closely as possible to this pin and to 

be grounded them at the same one point. 
The reaching distance and noise elimina- 
tion characteristics are greatly influenced 
by the pattern design of around the GND. 


Connect a resistor between the pin and 
the power supply. 

Set the center frequency of the built-in 
BPF. 

See ‘Pin 5 externally attached resistor 
vs, Center freqnecy characterstics’’. 


_GL3274 


ce 


Connect an integral capacitor between 


the pin and GND. 

Connect an integral capacitor of 
standard 330 pF. 

When a large capacitance is used, it 
becomes strong against disturbance 
noise and the low level section of the 


| output pluse becomes longer. However, 


if the capacitance becomes too large, 
the reaching distance becomes shorter. 


An open-collector output. Connect a 
loading resistor between this pin and the 
power supply. 

It should be low level standard of 0.2V 
when using a loading resistor of 2.2k&. 


GL3274 


Av characteristics vs. 
Externally attached resistance to pin 2 


SAGAN 
ot ET NUE 
RANG 
Ne 


B.P.F. relative voltage gain [dB] (pin 3) 


Externally attached resistance to pin 2 [Q] 


Pin 3 output voltage characteristics vs. 
Pin 1 input voltage 
f =40kHz 


alee =25T 
Yormer 


mee Hoth 
| me Patil AAi 


BPF output (pin 3) [Vp-p] 


vin este (pin 1 input) 


Av vs. f characteristics 


Ld 


oa 
NT 
~T7TTN 
oy Genii 
EAT 


10 20 3040 
f [kHz] 


100 


Icc [mA] 


Vin 2 [V] 


fo - Center frequency [kHz] 


Icc vs. Vcc characteristics 


Ta=25% See cA 


| eo sean 

ett tT yt | 
4 
=a ae 


SA EEE EE 
pi Yi tt tt ty 
tA 


AP Sc 
i 


Center frequency characteristics 
vs. 
Externally attached resistance 


70 
KET Ta=25T 
CT vers 


Vin =50 uVop (pin 1) 


eee =e 
See eae 
20) ee 


300 


Sana attached resistance to pin 5 [kQ] 
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Application Circuit 


GL3274 


9 OUT 


Photo Diode 


200K 1% 
(n=4 


OkHz) 


she 
47 


Description of Operation (See the Block Diagram) 


Receive the infrared signal transmitted from the infrared remoted control commander with a photodiode and 


output rectangular waves as an output. 


2 


LIL 
0.2V 
(typ.) 


Converts the signal current of a 
photodiode into voltage and amplifies it. 


Pin 1 input waveform 


BPF output waveform 


(Pin 3) Suppresses the noise component with BPF. 


Pin 6 Hysteresis 
Comparator input 
waveform 


Detects the signal component and 
performs wave detection. 


Integrates the signal component and 
makes it as rectangular wave output from 
the Hysteresis Comparator. 


Pin 7 output waveform 


GL3274 


GL3274 


$11 


J JS2 | S afl b c (0) af ig 
S1 g x 
L 2 
i a | | = 
E4 £5 
¥ Fi Ee 5.0V 4.0V 
S4 <“\\ s5 1.0V 2.5V 
vt 
200k 
1 0.47p 56 
100pA 
50 SG 


DC Characteristics Test Circuit 


GL3274 


GL3274 


Output Dimension 


2.82 
1936, 


WTI 


0.3Min 


0.25%3€ os er 


1.27+0.2 0.4+0.1 
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~GL324/324A 
QUAD OPERATIONAL AMPLIFIER 


Description 


The GL324 consists of four independent high gain, inter- 
nally frequency compensated operational amplifiers which 
were specifically to operate from a single power supply 
over a wide range of voltages and the power supply cur- 
rent drain is independent of the magnitude of the power 
supply voltage. 

Application areas include transducer amplifiers, gain blocks 
and all the conventional OP AMP circuits which now can 
be more easily implemented in single power systems. 


Features 


e input Common mode Voltage Range Includes Ground. 
Wide Power Supply Range. (Single or Dual Supply) 
3V to 32V or +1.5V to +16V — 

Large Output Voltage Swing. OV to V*—1.5V 
Internally Frequency Compensated for Unity Gain. 
Low Input Bais Current. 

Low Input Offset Voltage. 

Very Low Supply Current Drain. 


Schematic-Diagram (Each Amplifier) 


Pin Configuration 


OUTPUT 1[-]}1 ~ 


INPUT 1-[_ 2 


INPUT 2° [_}6 


OUTPUT 2{_]7 


14f |OUTPUT 4 


Absolute Maximum Ratings 


Supply Voltage, V* 32 
Differential Input Voltage 

Input Voltage -0.3 
Power Dissipation 

Operating Temperature Range 6) 
Storage Temperature Range =55 


Lead Temperature 


r~ 
100K ow 


13] INPUT 4- 


9 fj INPUT 3- 


8{_} OUTPUT 3 


or +16 
eu 

to 32 
670 

to 70 

to 125 
260 

o (4) 


Output 


9. (1,7,8,14) 
Vo 


V 

V 

V 
mw 
°C 
°C 
°C 
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GL324/324A 


Electrical Characteristics: 
Unless otherwise specified, these specification apply for V‘=5V, V* Max= 30V and 0°C<T,<70°C 


PARAMETER SYMBOL TEST CONDITIONS sesh GL324A ju 


MIN |TYP | MAX [MIN|TYP |MAX. 
V*=5V to Max, Vo= 1.4V, Rs= =0Q 


Vicr=OV to V*-1.5V 
T,=25°C 


Input Offset Voltage 


Int) —lyy—), Vo=1.4V 
Ta=25°C 


Input Offset Current 


V*=5V to Max 
Input Common-Mode Vicr Ta=25°C V*—-1.5V V*—-1.5V. V 
Voltage range V*-—2.0V V*¥—2.0V 


~ : See 
em) ee aS 


| V*=15V, R,>2KQ 
25 V/mV 
—! ae 


Large-Signal Vo=—5V to +5V 


T,=25°C 


Voltage Gain 
Output 
Voltage 


Swing Vt=5V, R.<10KQ abet ata 
ode Rejection MR Sie 70 
Ratio V*=5V to Max 


Power Supply 
Rejection 
Ratio 


V*=5V to Max 
Ta=25°C 


Vinc+)= 1 V, Vin(-) = OV 
=25°C 


=15V, Vo=4V 


Output 
Current 


Short Circuit 
Current ve =O0V 


‘input Offset Voltage Orit VAT] ———SSSC~=“~*~*~—~*‘“~*~‘~sSCS*‘iSCS SCS, 
[input Offset Curent Drit| Agiat[ Si to] | | 40] _Jparnc 


6-4 


Typical Performance Curves 


+Viy, INPUT VOLTAGE (VOLTS) 


Vo, OUTPUT VOLTAGE (V) 


It, SUPPLY CURRENT (mA) 


Figure 1 — Input Voltage Range 


V*/V-, POWER SUPPLY VOLTAGES (VOLTS) 


Figures 3 — Large Signal Frequency Response 


LC) a Sa GT 


man 
cr Nee | A 


1K 10K 1 I 
f, FREQUENCY (Hz) 


Figure 5 — Supply Current Versus 
Supply Voltage 


SERRE Aas 


tt} ert | Lae! 
Pett tt ey te yy 
LLiTi titi itil 


V*, Sie cme 


Avo, LARGE SIGNAL 
OPEN LOOP VOLTAGE GAIN (dB) 


- lio, INPUT BIAS CURRENT (nA) 


Figure 2 — Open Loop Response 


GL324/324A 


100 1.0k 10k 
f, FREQUENCY (Hz) 


100k 


1.0M 


Figure 4 — Small Signal Voltage Follower 
Pulse Response 
(Non-Inverting) 


Vo OUTPUT VOLTAGE (mV) 


0) 
0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 


Figure 6 — Input Bias Current Versus 


TIME 


Supply Voltage 


a 
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GL324/324A 


Typical Application 


Figure 1 — Function Generator Figure 2 — Wien Bridge Oscillator 


1 
Viet == V* 
ei. Triangle Wave R2 
Output 


Viet 
Square 

Wave Veet 
Output Vo 


1 


fo = 


7 1 2nRC 
ret = > V 
a 2 For fo = 1 kHz 

R = 16 kQ 

C = 0.01 pF 

_ _RI+Re R2+R1 
~ 4CR+R1. = R2+R1 

Figure 3 — High Impedance Differential Amplifier Figure 4 — Comparator With Hysteresis 

Hysteresis 

Von b> 
R1 I 
Vie 
f U Vo 
@ 
Vin ) Vo Vv 
= Vinw | Vinw 
R1 Viet 
Vint = R1+R2 (Vori—Vrer) a Veet . 
R1 
VinH = R1i+R2 (Vena Veer) + Veet 
yo 
@o=C(1+a+b) (e2-e1) = Ri+R2 ou-Voul 


Figure 5 — Bi-Quad Filter 


Viet 


Bandpass For ys 1 kHz 
Output Q= 10 
Tap = 1 
Ty = 1 
C1 : 
(——@ Notch Output R = 160 k2 
C = 0.001 uF 
R1 = 1.6 MQ 
Viet Where Tgp = Center Frequency Gain R2 = 1.6 MQ 


Ty = Passband Notch Gain R3 = 1.6 MQ 
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GL348 


QUAD OPERATIONAL AMPLIFIER 


Description 


The GL348 is a true quad 741. It consists of four indepen- 
dent high-gain, internally compensated, low-power opera- 
tional amplifiers which have been designed to provide 
functional characteristics identical to those of the familiar 
741 operational amplifier. In addition, the total supply cur- 
rent for all four amplifiers is comparable to the supply cur- 
rent of a single 741 type of amp. Other features include 
input offset currents and input bias currents which are much 
less than those of a standard 741. Also, excellent isola- 
tion between amplifiers has been achieved by independent- 
ly biasing each amplifier and using layout techniques which 
minimize thermal coupling. 


Schematic Diagram (Each Amplifier) 


(2.6,9.13) 


Features 


741 Op Amp Operating Characteristics 

Low Supply Current Drain — 0.6 mA/Amplifier 
Class AB Output Stage — No Crossover Distortion. 
Pin Compatible With the GS324 

Low Input Offset Voltage — 1.0mV Typ. 

Low Input Offset Current — 4.0nA Typ. 

Low Input Bias Current — 30nA Typ. 

Gain Bandwidth Product (Unity Gain) — 1.0MHz Typ. 
High Degree of Isolation Between Amplifiers — 120dB 
Overload Protection for Inputs and Outputs 


> Output 
(1.78.14) 
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GL348 


Absolute Maximum Ratings 


70 


z 


RL > 2k, Vout = + 10V 


RL = 10k2 0°C < Ta < 70°C 
RL = 2kQ O°C <Ta 


Rs < 10kQ, 0°C < Ta < 70°C 
“Ta = 70°C 


Output Voltage Swing 


Function | 
Output A 
—VINA 
+VINA 
+Vs 

Vin B 
—VinB 
Output B 
Output C 
—Vin C 
10 +ViN C 
11 -—Vs 

12 + Vin D 
13 — Vin D 
14 Output D 


a 
= 


OON OOH WD — 
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GL348 


Typical Performance Characteristics 


Supply Current vs. Supply Voltage Input Bias Current vs. Temperature 


tml < 
< Sj 
E S 
5 é 
e 2 
= o 
: g 
= a 30 
10 
OL 
55 -35 -15 +5 +25 +45 +65 +85 +105 +125 
Supply Voltage (= V) Temperature (°C) 
- Output Voltage Swing vs. Supply Voltage | Positive Current Limit. 
50 
fT [TT ett tT tl 
Pf meee | | | | ht 


= S 
pa 2 
5 £ 
: ptf tt Tf é 
] a lee! == % 
a = 
E s 
“ 20 H 
ra 6 
£ 10 2 
ee = 
Ay 8 
a 9 a. 
0 a 10 15 20 25 
Supply Voltage (= V) Output Source Current (mA) 
Negative Current Limit Output Impedance vs. Frequency 
s -1 1K =e 
= Vs = +15V Se crttimemsciniime mati 
2 Ta= +25°C =a ail tt to 
é 4 100 E= eee ne er toe —_> Pag tt 
-10 SSs:ieee. sii eer asi amet 
8 2 Unni) anal tt ae 
5 ae a 
s E = SS ae 
gs = i allies aii An 
3 Ba eo 
S Sart ina He tH me F 
= 0 0.1 SA 
100 1K 10K 100K 1M 
Output Sink Current (mA) Frequency (Hz) 
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GL348 


Positive Common Mode Input 


Gain (dB) 


Milivolts (mV) 


Common Mode Rejection Ratio 


Voltagae Limit (V) 


Positive Common Mode Input Voltage Limit vs. Frequency 
20 a 
3B 
-55°C < Ta < +125°C = 
15 § 
@ 
= 
® 
& 
10 3 
i=] 
= 
J 
=] 
E 
5 E 0 
6 10 100 1K 10K 100K 1M 10M 
Positive Supply Volts (V) Frequency (Hz) 
Open Loop Frequency Response 
Phase Margin vs. Frequency vs. Frequency 
0 7! 
she Ts wer 
‘0 ae — Tp = 425°C iin 80 | a Ce ae 
a 70 = 
= Tt af _.70 
= 3 
on in ry cae | ee ae a ee 
- = a 
Br COON ye S 
BH HHS 5a 8 30 pt tf | ft | NT 
ot} | IU N ig 
SN 0 ‘ a es a ea a 
-35 SST 1-10 gee ee ee] 
1.0 10 100 1K 10K 100K 1M 
Frequency (MHz 
i ia Frequency (Hz) 
Small Signal Pulse Response Large Signal Pulse Response 


a a ee 
ae ae a ee 
pf | KT 


Volts (V) 


0 40 80 120 160 200 
Time (uS) Time (uS) 


Undistorted Output Voltage Swing (V) 


Slew Rate (V/S) 


Volts (V) 


GL348 


Undistorted Output Voltage Swing 
vs. Frequency Gain Bandwidth vs. Temperature 


oe ee i a oe ee 
ee 


Gain Bandwidth (MHz) 
[ 
7 
: 
Tice 
a 
: 
a 
2 
a 


10K 100K -5 -35 -15 +6 +25 +45 +65 +85 +105 +125 
Tass (Hz) Temperature (°C) 


Negative Common Mode 
Slew Rate vs. Temperature Input Voltage Limit 


“tt pt tt | Westy] 


Negative Common Mode Input 
Voltage Limit (V) 


0 
-55 -35 -15 +5 +25 +45 +65 +85 +105 +125 


Temperature (°C) Negative Supply Voltage (V) 
inverting Large Signal Pulse Response Input Noise Voltage and Noise Current 
1.6 
ol OM TI 
Ta = +25°C Be ll 


120 ihe 
1.0 


0.8 


immu 
Ot 
A 
TIT Piean Wise vonase | 


i Seen 0.6 
TTT Mean Noise current 1111 o 4 


Mean Noise Voltage (nV/\/ Hz) 
Mean Noise Current (PA/\/ Hz) 


0.2 


man ill| 
LUT TY | A f 


0 20 40 60 80 100 120 140 160 180 200 
Tims (uS) daa ea 


GL348 


Typical Applications 


The GL348 is low power quad operational 
amplifiers that exhibit performance comparable to the 
popular 741. Substitution can therefore be made with 
no change in circuit behavior. 


The input characteristics of these devices allow dif- 
ferential voltages which exceed the supplies. Output 
phase will be correct as long as one of the inputs are 
within the operating common mode range. If both ex- 
ceed the negative limit, the output will latch positive. 
Current limiting resistors should be used on the in- 
puts in case voltages become excessive. 


When capacitive loading becomes much greater than 
100pF, a resistor should be placed between the out- 
put and feedback connection in order to reduce phase 


R4R5 / 1 1 


1 
ee = 
aaRici * V KK 


fwax = 5.0kHz,. THD < 0.03% 


a (eee 
R3 rps_—~R4 


shift. 


The GL348 is short circuit protected to either 


ground or the supplies continuously when only one 
of the four amplifiers are shorted. If multiple shorts 
occur simultaneously, the unit can be destroyed due 
to excessive power dissipation. 


To assure stability and to minimize pickup, feedback 

resistors should be placed close to the input to max- . 
imize the feedback pole frequency (a function of in- 

put to ground capacitance). A good rule of thumb is 

that the feedback pole frequency should be 6 times 

the operating-3.0dB frequency. If less, a lead capacitor 

should be placed between the output and input. 


R1 = 100K pot., C1 = 0.0047uF, C2 = 0.01uF, C3 = 0.1uF, R2 = R6 = R7 = 1M. R3 = 5.1K. R4 = 120. 

R5 = 24029, Q1 = NS5102, D1 = 1N914, D2 = 3.6V avalanche diode (ex. LM103). Vs = +15V 

A simpler version with some distortion degradation at high frequencies can be made by using A1 
as a simple inverting amplifier. and by putting back to back zeners in the feedback loop of A3. 


Figure 1. One Decade Low Distortion Sinewave Generator 


Adjust R for minimum drift 
D3 low leakage diode 
D1 added to improve speed 


Vs = +15V 
Vour=2 (+1), -Ve-avey : 
= nee - - < < - = 
OUT ( Al , “Vs - 3V < Vincm S +Vs - 3V, ( 3 ) (Vs 
Vs = +15V ; 
R = R2. trim R2 to boost CMRR Figure 4. Low Voltage Peak Detector With 


Bias Current Compensation 
Figure 3. Low Cost Instrumentation Amplifier ‘ 


VIN 


Tune Q through RO, RO 
For predictable results: fo Q< 4 x 104 
Use Band Pass output to tune for Q 


Tia) 5 U8 y= 524 + a? 


Vin(s) Djs) 
~Sug HOBP 
Nup(s) = S2 Hone. Nep(s) —— NLP = woe HoLp 
VBR 

1 R6 1 1+R4)/R3+R4;RO\/ RE ty \1/2 
foe — | — /——- t= Ri, 0-{| ———___]|___ — 

On RSV tit2 1+ R6/RS R5t2 
1 (Pa 1+RGIRS 1 + R4)R3 + R4/RO a 
NOTCH OT \Ritite/ | oP Ta Rano Rana OPP 4 RB/RO+ ABIRA 


P 1+ R5/R6 
OLP "1 + R3)RO + R3IR4 


Figure 5. Universal State-Space Filter 


GL348 
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100K 


0.001 uF 


0.001 4F 


150K 
VouTt 
4.556K 


100K 
10K 


Vout2 


39.4K 


Use general equations. and tune each section separately 


Qist Section = 0.541. Qong Section = 1.306 
The response should have 0dB peaking 


Figure 6. 1kHz 4 Pole Butterworth Filter 


Vins) 
a: /B, LS a Sy 2: 4 RG 
R7 /ROCOROCT «4° «ord 7 RonacICS OK Oo / Rapsrzcice 
Necessary condition for notch: mi = ae 
R6 R4R7 
Ex: fnoTcH = 3kHz, Q = 5, R1 = 270K, R2 = R3 =20K, R4 = 27K, R5 = 20K. R6 = RB = 10K. R7 = 100K. 


C1 = C2 = 0.001 uF 
Better noise performance than the state-space approach 


Figure 7. 3 Amplifier Bi-Quad Notch Filter 


VIN 


ST 
vot LL 
co LLU 
so UTA 

A 
oe UT 

PT, Var 
LUI CMA 
100 10K 


1K 100K 
Frequency (Hz) 


Gain (dB) 
s 


R'S R1C1 = R2C2 =t 
R'1C'1 = R'2C'2 = t’ 


100K 


RO RY 


fc = 1kHz. fs = 2kH7z. fp = 0.543. fz = 2.14. Q = 0.841. f'p = 0.987. f'z =4.92. 
Q' = 4.403. normalized to ripple BW 


1 [RE 1 1 1 ‘AIR’ 
pee = eyes «Po Fe 1+ R'4)R'0 
érV RS ft ér VR t 1+ R6)R5 R5 R'5 1+ R'6/R'S + R'6|Rp R’6/Rp 


Use the BP outputs to tune Q, Q’. tune the 2 sections separately 


RI = R2 = 92.6K, R3 = R4 = R5 = 100K, R6 = 10K, RO = 107.8K. Ry = 100K. Ry =155.1K. 
R'1 = R’2 = 50.9K, R’4 = R’5 = 100K. R’6 = 10K. R‘0 = 5.78K. PR’, = 100K. R’q = 248.12K, Ry = 100K. 


All capacitors are 0.001uF 


Figure 8. 4th Order 1 kHz Elliptic Filter (4 Poles, 4 Zeros) 


GL348 


Vin 150K 
: Vouts 
4.556K ee 
= 100K = 
39.4K 


ts - 65-01161A 


Use general equations, and tune each section separately 


Qist Section = 0.541, Qond Section = 1.306 
The response should have 0dB peaking 


R1C1 1 
Q= /— x ———' fo=— | — x ' t' 2— (| 
R? /RSCOROCT ° oon AT) RORaCTC? ON >, / Rapsacice 
Necessary condition for notch: a = cm 
R6 R4R7 
Ex: fyoTcu = 3kHz, Q = 5, Rl = 270K, R2 = R3 =20K, R4 = 27K, RS = 20K. R6 = RB = 10K. R7 = 100K. 


C1 = C2 = 0.001uF 
Better noise performance than the state-space approach 


EN 

||) | 

PN | Pe 
OS 


RiC1 = R2C2 =t 
R'1C'1 = R'2C'2 = t’ 


tc = 1kHz. fs = 2kHz. fp = 0.543. fz = 2.14. Q = 0.841. f'p = 0.987, f'z =4.92, = 
Q' = 4.403. normalized to ripple BW 


1 6 1 1 HI aie we _1t+R4iRO 
tp=— se ee ee —x--Q= 
érv RS t ar VR, t 4+RGIRS AS R'5 5 1+R6iR'5 +R6iRp 


Ry + Ry 
Use the BP outputs to tune Q, Q’. tune the 2 sections separately 
R1 = R2 = 92.6K. R3 = R4 = R5 = 100K. R6 = 10K, RO = 107.8K, Ry = 100K, Ry =155.1K 
R’1 = R’2 = 50.9K. R’4 = R'5 = 100K, R’6 = 10K, R’0 = 5.78K, R’L = 100K, Ry = 248.12K, R's = 100K. 
All capacitors are 0.001uF 
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GL358/358A 
DUAL OPERATIONAL AMPLIFIER 


Description Pin Configuration 


The GL358 consists of two independent, high gain, inter- 
nally frequency compensated operational amplifiers which 
were specifically to operate from a single power supply 
over a wide range of voltage and the power supply cur- 


Output A,| 1 8t iv: 


. . . . : | t 
rent drain is independent of the magnitude of the power abet Tye 7 [_Joutput 8, 
supply voltage. . GL358 aie 
Application areas include transducer amplifiers, dc gain petit i neat 


blocks and all the conventional OP AMP circuits which now 


rae Bas V- or GND] 9/4 
_can be more easily implemented in single power systems. 


Features Absolute Maximum Ratings 

° Input Common Mode Voltage Range Includes Ground. Supply Voltage, V+ 32 or +16 V 

¢ Wide Power Supply Range. (Single or Dual Supply) —_ Differential Input Voltage +32 V 
3V to 30V or +1.5V to +16V Input Voltage —0.3 to 32 V 

e Large Output Voltage Swing. OV to V*-—1.5V Power Pissipation 570 mw 

e Internally Frequency Compensated for Unity Gain. Operating Temperature Range 0 to 70 °C 

e Low Input Bais Current. Storage Temperature Range —55to125 °C 

e Low Input Offset Voltage. Lead Temperature 260 at a 

e re 


Very Low Supply Current Drain. 


Schematic Diagram (Each Amplifier) 


Inputs 


GL358/GL358A 


Electrical Characteristics: 
Unless otherwise stated, these specification apply for V*=5V, V'Max=30V and 0°C<T,<70°C 


PARAMETER SYMBOL TEST CONDITIONS eee leat UNIT 
MNTYP] MAX [MIN] TYP [WAX 


V*=5V to Max, Vo=1.4V, Rg =02 
Vicr=OV to y+—1.5V 
gs ©: =2 27 +2) +3} mV- 
+9 =a) ; 
lin( +) —liy(—), Vo=1 .4V 
Input Offset Current Ta=25°C +5; 250 +5)+30 
| +150 eel Qs) 


A= 
lin( +) or In(—), Vo=1 .4V 
T,=25°C 


Input Offset Voltage 


Input Bias Current 


V*=5V to Max 
Ta=25°C 


Input Common-Mode 
Voltage range 


Supply C ” ao (M=5VVor2sv | [07] 12 
fseavcwee [ee [ace rewire [at at Tata ™ 


Vt=15V, R,>2KQ 
Vo= —5V to +5V 
T,=25°C 


Large-Signal 


Voltage Gain 
Output 
Voltage 
Swing 
Common 


Mode Rejection 
Ratio 


Power Supply 
Rejection 
Ratio 


V*=5V to Max 
T,a=25°C 


Vin(+)= 
T,=2 
V*=15V, Vo=4V 


1V, Vin(-)= OV 
°C 


Output 
Current 


TYPICAL PERFORMANCE CURVES 


+V,, INPUT VOLTAGE (VOLTS) 


Vog» OUTPUT VOLTAGE RANGE (V,_.) 


I’ , POWER SUPPLY CURRENT (mA) 


Figure 1 - Input Voltage Range 


V7V-, POWER SUPPLY VOLTAGES (VOLTS) 


Figure 3 - Large Signal Frequency Response 
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f,, FREQUENCY (kHz) 


Figure 5 - Power Supply Current versus 
Power Supply Voltage 


Vv’, POWER SUPPLY VOLTAGE (VOLTS) 


Ajo. LARGE SIGNAL 
OPEN LOOP VOLTAGE GAIN (dB) 


I, INPUT BIAS CURRENT (nA) 


GL358/GL358A 


Figure 2 - Open Loop Frequency Response 
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Figure 4 - Small Signal Voltage 
Follower Pulse Response 
_ (Non inverting) 
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Supply Voltage 
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Typical Application 


Figure 1 — Function Generator 


Triangle Wave 
Output 


1 R2 
Viet = > vt 


_ _RI+Re 
~ 4 ORFRI” 


R2+R1 


f ——— 
R2+R1 


Figure 3 — High Impedance Differential Amplifier 


GL358/GL358A 


Figure 2 — Wien Bridge Oscillator 


Viet 
Vo 
7 1 
— = to = DaRC 
For fo = 1 kHz 
R = 16 kQ 
C = 0.01 pF 


Figure 4 — Comparator With Hysteresis 


Hysteresis 
Vou hr 
R1 ! 
Veet U Vo 
e0 a Vo 
Vi 
" Vor 
RI Vint Vin 
Vin. = R1+R2 (Vor—Vret) + Veet Vret 
R1 
Vin = R1+R2 (Vou Vret) + Viet 
R1 
€9=C(1+at+b) (e2—-e1) = (Vox Vor) 
R1+R2 
Figure 5 — Bi-Quad Filter 
; 1 
2 2nRC 
Vin 
R1 = OR 
R2 = ab Viet = ma V* 
a Tae ref — 2 
R3 = Ty R2 
C1 10C 
For fo = 1 kHz 
Q= 10 
Tn = 1 
C1 : 
Notch Output R = 160 kQ ‘: 
C = 0.001 pF 
R1 = 1.6 MQ 
Veet Where Tgp = Center Frequency Gain R2 = 1.6 MQ 
Tu = Passband Notch Gain R3 = 1.6: M& 
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OPERATIONAL AMPLIFIERS 


Description 


The GL4558 is dual general purpose operational amplifiers with 
half electrically similar to hA741 except that offset null capabili- 
ty is not provided. 


The high common-mode input voltage range and the 
absence of latch-up make these amplifiers ideal for voltage 
follower application. 

The devices are short circuit protected and the internal fre- 
quency compensation ensures stability without external 
components. 

These are characterized for operation from 0°C to 70°C. 


Features 


e Short-Circuit Protection 

e Wide common-mode and differential voltage ranges 
e No frequency compensation required 

e Low power consumption | 

e No latch-up | 

e 3 MHz unity gain bandwidth guaranteed 

e Gain and phase match between amplifiers 


Schematic Diagram (Each Amplifier) 


vr 


OUTPUT 


PIN Configuration 


8t |v" 
7] } Output B, 
input B* 
Noninvert 
input B 
Absolute Maximum Ratings 
PARAMETER GL4558 
Supply Voltage £18 
Differential Input Voltage +30 
Input Voltage 21S 
Power Dissipation 570 
Operating Temperature Range 0 to 70 
Storage Temperature Range =50 10129 
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GL4558 


Electrical Characteristics (v=+15v, v=—15V, T,=25°C) 


PARAMETER SYMBOL | TEST CONDITIONS Sieeehs 
| MIN | TYP | MAX 


Input Offset Voltage | Vi. | Rs<10kQ | — | +05 


Input Offset Current 


6 
nn 


Input Bias Current 


Input Resistance MQ 


os fzo] — 
Large-Signal 


> =< 
Output Voltage R, 210k S12) 214 = | 
- i. 


> 
< 


nn 
is 
o7 
ro) 
oO 
m | oO = 
O }|w Zz 
— 
> 


> 
| 
< 


lt i i+ 
OM 
<|< 


Swing 


Input Common-Mode 


og 
De) 
lng 
oe) 
a 
De) 
< 


Voltage range Vicr 


omen ode CMRR_ | Rs<10kQ 
Rejection Ratio 

Supply Voltage Z 

Rejection Ratio Hes TOK , 


Slew Rate R, 22kQ | | 
Power Consumption R, =Co | — | 


Input Noise Voltage Sears. i 


[Source Curent | Igoe | 


Sink Current 


| 
© 
— | 

oh on — 

N on 
“J 
2 

.= 
= 
< 


7 
=| 
2 
PTA »~) — 
S| 
3/8) 8/8 
.~ 
< 
3 
ep) 
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Typical Performance Curves 


a at 
ee 
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GL4558 


Typical Applications 


Voltage Follower Lamp Driver Comparator With Hysteresis 


Power Amplifier Squarewave Oscillator DC Coupled 1kHz Low-Pass 
Active Filter 


100K 


0.01 pF 


1kHz Bandpass Active Filter 


390K 0.01 pF 120K Vo 
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GLC 9458 


LOW POWER 


CMOS OPERATIONAL AMPLIFIER 


Description 


The GLC9458 is amonolithic operation amplifier. These 
devices provide the designer with high performance opera- 
tion at low voltages and are an ideal design tool when ultra 
low input current and low power dissipation are desired. 
The basic amplifier will operate at supply voltages ranging 
from +1.0V to +8V, and may be operated from a single 
Lithume cell. 

Output swings range to within a few millivolts of the supp- 
ly voltages. Of particular significance is the extremely low 
(1pA) input current, input noise current of 0.01 pAWHz, 
and 10'2@ input impedance. These features optimize per- 
formance in very high source impednace applications. The 
inputs are internally protected and require no special handl- 
ing procedures. 

AC performance is excellent, with a slew rate of 0.16V/us, 
and unity bandwidth of 0.48 MHz. Because of the low 
power dissipation, operating temperatures and drift are quite 
low. Application utilizing these features may include stable 
instruments, extended life designs, or high density packa- 
ges. 


Feature 


e Wide Operating Voltage Range +1.0V to +8.0V 

e High Input Inpedance — 10'72 

e Input Current Lower Than BIEFTs—Typ 1 pA 

e Output Voltage Swings to Within Millivolts of V- 
And V* 


e Low Power Replacement for Many Standard Op 
Amps 


Pin Configuration 


OUTPUT Ao[ ] 1 8h jvt 
peel re 7 Joutput B, 
NONINVERT INVERT 
INPUT At INPUT B 
[14 5 [-]NONINVERT 


INPUT B* 


Absolute Maximum Ratings. 


Supply Voltage 18 V 
Input Voltage V-—0.3 to V*+0.3 V 
Differential Input +[(V*+0.3)—(V-—0.3)] V 
Voltage 


Duration of Output Unlimited 

Short Circuit | 

Power Dissipation 250 mW 
(@ 25°C) 

Storage Temperature —65 to + 150°C 2G 
Range 

Operating Temperature Oto + 70 °C 
Range 
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GLC9458 


Block Diagram (One Section) 


Current Source 


Input 


Current Source utput 
pol Differential _ for Input for Output Amp. Output Outp 
Amplifier Amplifier and Frequency Amplifier Output 


Compensation 


J OUTPUT 


AY 
OFFSET OFFSET 
+INPUT 
= 


Input Current source Current source Output 
differential for input for output amp. amplifier 
amplifier amplifier and Frequency 


& 
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GLC9458 


Electrical Characteristics: (V+=+5V, T,=25°C, unless otherwise sepcified) 


ee 
ee 
ee 
Output voltage swing | 


R 
Vo=+4V, RL =100k 


MAX UNIT 


a 
3 
< 


uV/°C 


© 
on 


+ 
: > N md 


1é) 
Oo 
se) 

> 


50 


xe) 
> 


aah 
oO 


+4.2 
+4.9 


Large Signal Voltage Gain 102 


QO! 


N 


re 
: 


Slew Rate Ayo. =1, C_=100pF 
R, = 100k 


ale 
—_h 


100 


0 


ze 
a 
a 
> | =| 3 
Ni > oN 


120 


, ° 
—_k 
oO 
De) 
on 
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O 
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V/uS 


Vin=50mV, C,=100pF 
R_=100k 


Cc 
pe 


Vin=50mvV, C, =100pF 


J 
Ee 
exe 
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GL339/339A 


LOW POWER, LOW OFFSET 
VOLTAGE QUAD COMPARATORS 


Description Pin Configuration 


The GL339 consists of four independent precision voltage com- 
parators designed specifically to operate from a single power 


supply. Operation from split power supplies is also possible and OUTPUT2 OUTPUTS 
the low power supply current drain is independent of the supp- OUTPUT1 @ OUTPUT4 
ly voltage range. Darlington connected pnp input stage allows V4 oH GND 
the input common-mode voltage to include ground. INPUT1 — INPUT4 + 
INPUT1 + = INPUT4 — 
INPUT2 — INPUT3 + 
Features 
INPUT2 + INPUT3 — 
¢ Single Supply Operation +2.0V to +36V 
e Dual Supply Operation +1.0V to +18V 
¢ Compatible with All forms of Logic 
e Allow Comparison of Voltages Near Ground Potential Absolute Maximum Ratings 
e Low t Drain 800 nA TYP 
a ee Supply Voltage, Vt ......... ne ee ne er + 36V or +18V 
e Low Input Bias Current 25nA TYP 
Differential Input Voltage 0.0.00... eee eeeeeeeesereteeee: 36V 
¢ Low Input Offset Current +5 nA TYP 
* Low Offset Voltage +2mvV Input Voltage Range .......0.... eee —0.3V to +36V 
~ Power Pissipation ....0....00ccccccccccccscecsseeecessceeesseceees 1000 mW 
Input current (Viy<—O.3V) oo... ce cece tence, 50 mA 
Operating Temperature Range .................... ‘O°C to + 70°C 
Storage Temperature Range ................ —55°C to +125°C 
IQ) HEMDOVALUTC® sie cisincasahentnatin spaupsllvastogssemenuibewineccse 260°C 


Shematic Diagram 
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GL339/339A 


Electrical Characteristics: Vr = 5V.Ta ‘= 25°C, unless otherwise specified) 


PARAMETER Test Conditions UNIT 


= 
= 
El 
<= 
> 
x< 
= 
Zz 
G) 
c_ 
3 | 5 
3 
> 
aaa 
> 
x< 


At out. switch point 
Vo= 1.4; Rg=0 
VRE = AV 


I+ 
ne) 
I+ 
on 


Input Offest Voltage 


~ 0°C<Ta<70°C 


i) 
on 
7 5 
I+ N 
8 
o 
oO 
=) 
> 


a 
Bl | : 
oO; & NO 
EREa 
— 


Output in linear 


range 0°C<T,<70°C 


Input Offset Current 0°Ck TAX 70°C 
Input Common-Mode 
Voltage Range (2) 0°C<TA<70°C 


Supply Current Voc = 30V, Ri = 
R, 215K, Vt =15V 


Vin = TTL logic swing: ‘ 
VREF = AV: Ri = 5.1KQ 
VAL =- OV 


Input Bias Current (1) 


I+ 


+ 

a 

{on 

O|o 
I+ 
on 
Oo 


I+ 
—_ 
n 
ro) 


ie i) 
aw 
Oo 
a) 


a 
+|+ 
fit 

Le 

oO lm 


NO ine) 

ato 
is 
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-s Ss S 
oo oO rep) 
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(op) 


Large Signal 
Response Time 


Ww 
© 
© 


— 
oo 


aay 
S) 
De) 
(ep) 
— 3 
S 5 
3 (2) 
fe | ee 


pa 


Output Saturation Vin(+) = OV 


link S4MA 


= 


i 
3 | 


0°C<TA<70°C 
0°C<TAS70°C 


All VinzOV (or V-if split 
supply is used) O°C<T,<70°C 


iAP) 
BRE 
= Oo 
— a= ~ 
+ 18 S 
© 


> 


Output Leakage 


| Differential Input 
Voltage 


vr 


NOTES: 


(1) The direction of the current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the output, 
so no loading change exists on the reference or input lines. 

(2) If either input of any comparators goes more negative than 0.3V below ground, a parasitic transistor turns on causing high input current and possible 
faulty outputs. This conditions is not destructive providing the input current is limited to less than 50mA. 

(3) The response time specified is for a 100mA input step with 5mV overdrive. For larger overdrive signals 300 nsec can be obtained. 


eee ene 
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TYPICAL PREFORMANCE CURVES 


Supply Current 


SUPPLY CURRENT—mA 


30 
V4 —SUPPLY VOLTAGE—V 


Input Current 


SUPPLY VOLTAGE—V 


0 0 20 30 
V4—SUPPLY VOLTAGE —V 


Output Saturation Voltage 


~ Vo— OUTPUT SATURATION VOLTAGE—V 


= Rinccm) 21090 


GL339/339A 


Reaponse Time for Various input 
Overdrives—Negative Transition 


TT tofu ordnonie | 
°y, 

Conn 

Es 


| wom | | 
i ae a 
clit tt tt ys 
pe oe ee 
ct tT tT ty 
Ta = 25°C 
shee : 
0.5 1.0 


1.5 2.0 
TIM-ys 


Vin—INPUT VOLTAGE—mv 
Voyr—OUTPUT VOLTAGE—V 


Response Time for Various Input 
Overdives—Positive Transition 


Vin-—INPUT VOLTAGE—mv 
Voyg—OUTPUT VOLTAGE—V 


GL339/339A 


APPLICATION NOTE 


The GL339/A are high-gain, wide-bandwidth devices which, like most comparators, can easy oscillate if the output lead is 
inadvertently allowed to capacitively couple to the inputs via stray capacitance. This shows up only during the output voltage 
transition intervals as the comparator changes states. Power supply bypassing is not required to solve this problem. Stan- 
dard PC board layout is helpful as it reduces stray input-output coupling. Reducing the input resistors to < 10 kQ reduces 
the feedback signal levels and finally, adding even a small amount (1.0 to 10mV) of positive feedback (hysteresis) causes 
such a rapid transition that oscillations due to stray feedback are not possible. Simply socketing the IC and attaching resistors 
to the pins will cause input-output oscillations during the small transition intervals unless hysteresis is used. If the input signal 
is a pulse waveform, with relatively fast rise and fall times, hysteresis is not required. | 


All pins of any unused comparators should be grounded. 


The bias network of the GL339/A establishes a drain current which is independent of the magnitude of the power supply 
voltage over the range of from 2 V to 30 V. 


It is usually unnecessary to use a bypass capacitor across the power supply line. 


The differential input voltage may be larger than V + without damaging the device. Protection should be provided to prevent 
the input voltages from going negative more than-0.3V (at 25°C). An input clamp diode can be used as shown in the applica- 
tions section. 


The output of the GL339/A is the uncommitted collector of a grounded-emitter npn output transistor. Many collectors can 
be tied together to provide an output ORing function. An output pull-up resistor can be connected to any availabale power 
supply voltage within the permitted supply voltage range and there is no restriction on this voltagae due to the magnitude 
of the voltage which is applied to the V+ terminal of the GL339/A package. The output can also be used as a simple SPST 
switch to ground (when a pull-up resistor is not used). The amount of current which the output device can sink is limited 
by the drive availabale (which is independent of V+) and the B of this device. When the maximum current limit is reached 
(approximately 16 mA), the output transistor will come out of saturation and the output voltage will rise very rapidly. The © 
output saturation voltage is limited by the approximately 60 Q saturation resistance of the output transistor. The low offset 
voltage of the output transistor (1 mV) allows the output to clamp essentially to ground level for small load currents. 


1. TYPICAL APPLICATIONS (V4 = 15 V) 


AND GATE ONE-SHOT MULTIVIBRATOR 


BI-STABLE MULTIVIBRATOR 
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GL339/339A 


ONE-SHOT MULTIVIBRATOR WITH INPUT LOCK OUT 


TIME DELAY GENERATOR 


Ve 
, Vo3 
Vt-—-- r- 
ve 3 
3.0 k 
51k 10M 
INPUT GATING 
’ sIGNat 10 k 10k 

ban 

oe es Cee 

to ta = C1 Vo2 

+ViN 0.001 uF T a i 
= vet oe 42 


LARGE FAN-IN AND GATE 


Ve 


Vour=A*e*BeCeD 


ALL DIODES 1N914 


ORING THE OUTPUTS 


Vo 
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_GL339/339A 


LOW FREQUENCY OP AMP LOW FREQUENCY OP AMP TRANSDUCER AMPLIFIER 
(V9=0 V FOR Vin=0 V) 
V+ 


MAGNETIC 
PICKUP 


LOW FREQUENCY OP AMP WITH OFFSET ADJUST ZERO “CROSSING DETECTOR 
(SINGLE POWER SUPPLY) 
Me V+ 
Torrser ADJ. V+ 


2. SPLIT-SUPPLY APPLICATIONS Vt = +15V andV- = -15V 


MOS CLOCK DRIVER ZERO CROSSING DETECTOR 
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GL339/339A 


SQUAREWAVE-OSCILLATOR ~~ PULSE GENERATOR 


f = 100 kz 


Vo 


M 
“FOR LARGE RATIOS OF R1/R2, 
01 CAN BE OMITTED 


NON-INVERTING COMPARATOR WITH HYSTERESIS — INVERTING COMPARATOR WITH HYSTERESIS 


yr 


COMPARING INPUT VOLTAGES BASIC COMPARATOR OUTPUT STROBING 
OF OPPOSITE POLARITY 


OR LOGIC GATE WITHOUT 
PULL-UP RESISTOR 
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GL339/339A 


TWO-DECADE HIGH-FREQUENCY VCO 


No 
FREQUENCY 
CONTROL 
VOLTAGE 
INPUT 


V+ = -—30V 
— 250 mV<Vc<50 V 
T00H2<fo<100KHz 


LIMIT COMPARATOR 


V+ (12 V) 


Viet HI © 
LAMP 
12 ESB 
VIN 
2N2222 


OUTPUT 1 


OUTPUT 2* 


CRYSTAL CONTROLLED OSCILLATOR 


200 k CRYSTAL 
100 kHz 
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GL393/393A 
LOW POWER, LOW OFFSET 
VOLTAGE DUAL COMPARATORS 


Description 


The GL393 consists of two independent precision voltage 
comparators designed specifically to operate from a single 
power supply. Operation from split power supplies is also 
possible and the low power supply current drain is indepen- 
dent of the supply voltage range, Darlington connected pnp 
input stage allows the input common-mode voltage to in- 
clude ground. 


Features 


Single Supply Operation +2.0V to +36V 
Dual Supply Operation +1.0V to +18V 
Compatible with All forms of Logic 


Low Current Drain 400 »A TYP 

Low Input Bias Current 25nA TYP 

e Low Input Offset Current +5 nA TYP 
Low Offset Voltage +2mV 


Shematic Diagram 


Allow Comparison of Voltages Near Ground Potential 


Pin Configuration 


OUTPUT Ao 


INVERTING 
INPUT A™ 


NON- 
INVERTING 
INPUT A’ 


V7/GND 


Absolute Maximum Ratings 


Supply Voltage, V* 
Differential Input Voltage 

Input Voltage Range 

Power Pissipation 

Input Current (Viy<—0.3V) 
Operating Temperature Range 
Storage Temperature Range 
Pin Temperature 


OUTPUT B, 


INVERTING 
INPUT B- 


+36V or +18V 
36V 

—0.3V to +36V 
500mW 

50 mA 

0°C to +70°C 
—55°C to +125°C 
260°C 
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GL393/393A 


Electrical Characteristics: V+ =5V T,=25°C, unless otherwise specified) 


GL393A 


TYP rMax | 


PARAMETER 


At out. switch point 
Vo=1.4; R,=0 
Vrer= | 4V 


Input Offset Voltage 


Output in linear 
range 


Input Bias Current (1) 


Input Offset Current 
Input Common-Mode 
| Voltage Range (2) 


Vin = TTL logic swing; 
VreF> +1 .4V; R, =5.1 KQ 


Large Signal 
Response Time 


Output Saturation 


Output Leakage 


0°C<T,<70°C 


Differential Input All Vin2OV (or V~ if split 
Voltage supply is used) O°C<T,<70°C 


Notes: (1) The direction of the current is out of the IC due to the PNP input stage. This current is essentially constant, independent of the state of the 
output, so no loading change exists on the reference or input lines. 


(2) If either input of any comparators goes more negative than 0.3V below ground, a parasitic transistor turns on causing high input current and 
possible faulty outputs. This conditions is not destructive providing the input current is limited to less than SOMA. 


(3) The response time specified is for a 100mV input step with 5mV overdrive. For larger overdrive signals 300 nsec can be obtained. 
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Typical Performance Curves 


SUPPLY CURRENT—mA 


Vin—INPUT VOLTAGE—mv 
Vour—OUTPUT VOLTAGE—V 
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Figure 1—Supply Current 


0. 20 30 40 


V*—SUPPLY VOLTAGE—V 


Figure 4—Response Time 
for Various Input Overdri- 
ves Negative Transition 


TIME—s 


Vin—INPUT VOLTAGE—mvV 


In—INPUT BIAS CURRENT—nA 


Vour—OUTPUT VOLTAGE—V 


Figure 2— Input Current 


80 p+ sot 
| | dL T,=— 40°C 


" V*—SUPPLY VOLTAGE—V 


Figure 5— Response Time 
for Various Input Overdri- 
ves Positive Transition 


0 Os: 10° 1,5 ~ 2.0 


TIME—s 


Vo—OUTPUT SATURATION VOLTAGE—V 


GL393/393A 


Figure 3-Output Saturation 
Voltage 


Ta=+85° 
Ta=+2 


lo —OUTPUT SINK CURRENT—mA 


Applications 

These dual comparators feature high gain, wide band width 
characteristics. This gives the device oscillation tenden- 
cies if the outputs are capacitively coupled to the inputs 
via stray capactiance. This oscillation manifests itself dur- 
ing output transitions (Vo, to Voy). To alleviate this situa- 


Figure 6-Zero Crossing Detector 
(Single Supply) 
+15V 


nk 
a GL393 


D1 prevents input from going negative by more than 0.6V 
R1+R=R3 


R5 
RIS for small error in zero crossing 


Figure 8-Free-Running Square-Wave Oscillator 


oe | ee 


_GL393/393A 


tion input resistors < 10k should be used. The addition 
of positive feedback (<1OmvV) is also recommended. It is 
good design practice to ground all unused pins. Differen- 
tial input voltages may be larger than supply voltage without 
damaging the comparator’s input voltages. More negative 
than —0.3V should not be used. 


Figure 7-Zero Crossing Detector | 
(Split Supplies) 


Vin mn=O.4 peak for 1% phase distortion (AQ) 


Vin 


“ON" for t 2 to + At 


V 
WHEIO! RC in ava 


Figure 10-Comparator With Hysteresis 


R1 


Rs=R1 || R2 


R2 


(Vec—Vrer) R1 


Vint =Verece + 


Vin2=Vrer + 


R1+R2+R, 
(Vrer—Vo Low) R1 
R1+R2+R, 
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GL317 


3-TERMINAL POSITIVE 
ADJUSTABLE REGULATOR 


Description 

The GL317 is a 3-Terminal Adjustable Positive Voltage 
Regulator capable of supplying in excess of 1.5A over an 
output voltage range of 1.2V to 37 V. This voltage regulator 
is exceptionally easy to use and requires only two exter- 
nal resistors to set the output voltage. Further, it employs 
internal current-Imiting, thermal-shutdown and safe-area 
compensation, making it essentially blow-out proof. 


The GL317 serves a wide variety of applications including 
local, on-card regulation. This device also makes an 
especially simple adjustable switching regulator, and a pro- 
grammable output regulator; or by connecting a fixed 
resistor between the adjustment and output, the GL317 
can be used as a precision current regulator. 


Features 


Output Current in Excess of 1.5 A in TO-220 Package. 
Output Adjustable Between 1.2V and 37V 

Internal Thermal-Overload Protection 

Internal Short-Circuit Current-Limiting Constant 
_ Temperature 

e Output Transistor Safe-Area Compensation 


e Floating Opeation for High-Voltage Applications 


Schematic Diagram 


foo fe fp 


‘Mil 


| 


Te 


Pin Configuration 
(Top View) 


ADJ 


OUT 


Absolute Maximum Ratings 
Input-Output Voltage Differential 
Power Dissipation 

Operating Junction Temperature 
Storage Temperature 

Pin Temperature 

(Soldering, 10s Time Limit) 


40 Vac 

Internally Limited 
O° C te +125°C 
—55°C to +150°C 
260°C 


2 Vout 
1 ADJUST 


GL317 


Electrical Characteristics 
i~Vo=5V; Ip=0.5A 
T,=Operation Temperature; ly, (1.5A) and Py, (20W); unless otherwise specified. 


SYMBOL| PARAMETER 
MIN MAX 

T,p=25°C, 3V<V,-Vo<40V | }0.01 | 0.04 

(Note 5) 3V<V,—-Vo<40V | | 0.02 


1OMAK<I9<Iyax 


TomA<IoSIya,  (YoSEV_ | f20 70 | mv 


< 


Regioaq | Load Regulation (Note 1) 


| 


adj Adjustment Pin Current — 
| Adjustment Pin Current 2.5V<V\—Vo<40V 0.2 5 A 
Change 10MA<I,<Imax» Po<Pmax 
Reference Voltage 3V<Vi—-Vo<40V 
V | O 
Ref | (Note 2) 10mA<I9<Imax» Pp<Paax Li 


Ts [Temperature Stability | 


EFA) EFT E 
4 Oo 
= - 
= } 
(42) 


Minimum Load Current 


IL(Min) 
to Maintain Regulation 


Vi-VoS15V, PoS<Pmax 


Maximum Output 


— 
oO 


Current Vi-Vo=40V, Pp<Pmax, 
T,=25°C | 
RMS Noise, % of Vo T,=25°C, 10Hz<f<10 kHz 0.003 % 


Ripple Rejection Vo=10V, Without Cag |  f65 fi 
(Note 3) f=120 Hz Cai 10uF | 66 [80 | | 


Long-Term Stability, Taicore 0.3 , % 
(Ty=Thigh (Note 4) . . 
Thermal Resistance " 


Notes 

. Load and line regulation are specified at constant junction temperature, Changes in Vo due to heating effects must be taken into account seperately. 
Pulse testing with low duty cycle is used. 

. Selected devices with tightened tolerance reference voltage available. 

. Cag, when used, is connected between the adjustment pin and ground. 

. Long Term Stability specification is an engineering estimate of average stability from lot to lot. 


© 
x< 


ine) _ 


hk WwW 
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GL317 


Application 
Standard Application 


Cin is required if regulator is located an appreciable distance from 
power supply filter. 


R2 


R1 
Since Ig; is controlled to less than 100 pA, the error associated 
with this term is negligible in most applications. 


Basic Circuit Operation 


The GL317 is a 3-terminal floating regulator. In operation, the 
GL317 develops and maintains a nominal 1.25V reference (Vrer) 
between its output and adjustment terminals. This reference voltage 
is converted to a programming current (IpRrog by R1 (see Figure 
1.), and this constant current flows through R2 to ground. The 
regulated output voltage is given by: 


VouT=VREF (1+ ne )+lag) R2 
R1 
Since the current from the adjustment terminal (Inqj) represents 
an error term in the equation, the GL317 was designed to control 
ladj to less than O.and keep it constant. To do this, all quiescent 
operating current is returned to the output terminal. This imposes 
the requirement for a minimum load current. If the load current is 
less than this minimum, the output voltage will rise. 


Since the GL317 is a floating regulator, it is only the voltage dif- 
ferential across the circuit which is important to performance, and 


operation at high voltages with respect to ground is possible. 


Fig. 1. Basic Circuit Configuration 


Vin 


ae 
lagj 


Vrer= 1.25V TYP. 


Load Regulation 

The GL317 is capable of providing extremely good load regula- 
tion, but a few precautions are needed to obtain maximum perfor- 
mance. For best performance, the programming resistor (R1) 
should be connected as close to the regulator as possible to 
minimize line drops which effectively appear in series with the 
reference, thereby degrading regulation. Tne ground end of R2 
can be returned near the load ground to provide remote ground 
sensing and improve load regulation. 


External Capacitors 


A 0.1yF disc or 1.OuF tantalum input bypass capacitor (Cj) is 
recommended to reduce the sensitivity to input line impedance. 


The adjustment terminal may be bypassed to ground to improve 
ripple rejection. This capacitor (C Aqj) Prevents ripple from being 
amplified as the output voltage is increased. A 10OuF capacitor 
should improve ripple rejection about 15 dB at 120 Hz in a 10 
V application. 


Although the GL317 is stable with no output capacitance, like any 
feedback circuit, certain values of external capacitance can cause 
excessive ringing. An output capacitance (Co) in the form of a 
1.OuF tantalum or 25yF aluminum electrolytic capacitor on the out- 
put swamps this effect and insures stability. 


Protection Diodes 
When external capacitors are used with any IC regulator it is 
sometimes necessary to add protection diodes to prevent the 
capacitors from discharging through low current points into the 
regulator. 

Te 
Figure 2 shows the GL317 with the recommended protection 
diodes for output voltages in excess of 25V or high capacitance 
values (Co>25yF, Cag >10yF). Diode D1 prevents Co from 
discharging through the IC during an input short circuit. Diode D2 
protects against capacditor C Adj discharging through the IC dur- 
ing an output short circuit. The combination of diodes D1 and D2 
prevents C Aqj from discharging through the IC during an input short 
circuit. 


Fig. 2. Voltage Regulator with Protection Diodes 


IN4002 
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GL317 


Typical Performance Curves 


Load Regulation 


3Vp, OUTPUT VOLTAGE CHANGE - % 


-1.0 
-75 -§80 -25 0 25 SO 75 100 125 150 


Ty, JUNCTION TEMPERATURE - °C 


Dropout Voltage 


V, — Vo, PUT/OUTPUT 
VOLTAGE DIFFERENTIAL - V4, 


Ty, JUNCTION TEMPERATURE - °C 


Ripple Rejection as a 
Function of 
Output Voltage 


Vv, =18V 
Vo = 10¥ seam ae 
+ = mA 
Ty = 26°C 


3 
10 100 tk 10k 100 k 1M 
t, FREQUENCY - Hz 


Current Limit 


lo. OUTPUT CURRENT - A 


Vi - Yo. 
VOLTAGE DIFFERENTIAL — V5, 


Temperature Stability 


Vagr, REFERENCE VOLTAGE - V 
we 
g 


bed -50 -25 0 25 SO 75 100 125 150 
Ty, JUNCTION TEMPERATURE - °C 
Ripple Rejection as a 
Function of 
Output Current 


Z 100 
eo aoa 1 oa 
w 

> 

rd 

a wl 
a 

a 

a 

= 40 
« 

« 


1 
lo. OUTPUT CURRENT - A 


Line Transient Response 


w 

ae Ra Se 
7eSECLCCAME 
~s . 1.0 

a Os 

3H 6 

s 

A : 


w -1.0 = 
gee 
i -1.5 
al 
>w 
ss 
Ei os 
=v 
> 0 
A [') 10 20 40 
t, TIME —- us 


Adjustment Pin Current 


Iagj. ADJUSTMENT PIN CURRENT - yA 


35 
-75 -80 -25 0 25 S50 75 100 125 186 
Ty, JUNCTION TEMPERATURE - °C 


Minimum Operating Current 


INPUT/OUTPUT 
VOLTAGE. DIFFERENTIAL — Vac 


Ripple Rejection as 
Function of Frequency 


RR, RIPPLE REJECTION -— dB 


ee 
(aes ae a 
Pot tt AWN 


t, FREQUENCY — Hz 


Load Transient Response 


3Vo. OUTPUT VOLTAGE 
DEVIATION - V 


GL494 
PWM CONTROL CIRCUIT 


Description 


The GL494 incorporates on a single monolithic chip all the 
functions required in the construction of a pulse-width- 
modulation control circuit. Designed primarily for power 
supply control, the GL494 contains an on-chip 5-volt 
regulator, two error amplifiers, adjustable oscillator, dead- 
time control comparator, pulse-steering flip-flop, and output- 
control circuitry. The uncommitted output transistors pro- 
vide either common-emitter or emitter-follower output 
capability. Push-pull or single-ended output operation may 
be selected through the output-control function. The ar- 
chitecture of the GL494 prohibits the possibility of either 
output being pulsed twice during push-pull operation. 


Features 


e Complete PWM Power Control Circuitry 

e Uncommitted Outputs for 200 mA Sink or Source 

¢ Output Control Selects Single-Ended or Push-Pull 
Operation 

e Internal Circuitry Prohibits Double Pulse at Either 
Output 

e Internal Regulator Provides a Stable 5V Reference 
Supply 

e Variable Dead-Time Provides Control Over Total 
Range 


Block Diagram 


R, 


Ge OSCILLATOR 


O.1VF-a 
DEAD oy > 
TIME a 
CONTROL 


ERROR AMPLIFIERS PWM 
NONINVERTING (1) COMPARATOR 
INPUT © 


INVERTING (2) 


ERROR AMP 1 
INPUT 


NONINVERING 
INPUT ¢ 


INVERTING * 
INPUT 


(16) 


(15) 


ERROR AMP2 
(3) 
FEEDBACK ¢ 


REFERENCE 
REGULATOR 


Pin Configuration 


NONINV.INPUT[ 91 16 L_| NON INV. INPUT 


INV. INPUT [_ 2 157 | INV. INPUT 
FEEDBACK [_ 33 147] REF. OUT 


DEAD TIME CONTROL [_] 4 | | OUTPUT CONTROL 


Function Table 


Output Control Output Function 
Single-ended or Parallel Output 
Normal Push-Pull Operation 


OUTPUT 
CONTROL 
(See Function Table) 


PULSE STEERING Ws) 
FLIP FLOP 


> p [Pere 


E1(9) ©1(8) 


a Da 


® REF OUT 
(14) 

° GND E2(10) C2(111 
(7) 
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Absolute Maximum Ratings 


Supply Voltage, Vac. i: cqsestessiiievennsvesaseesiaeeddsevasyccteganantnewetdensdyuecdnnscanbiataninaGanaatessuesancieesieer sete eeeties 41 ¥V 
Amplifier Input Voltage ...... sidin-é i oedislvedeemsaabt ode nbaorpuidlceictn ye txeosden Tune hen qeaiamna i debagehetinaapenstamaed asian obi Vect0.3 V 
Collector Output VOWGE wiciiecexeassncdscvinsapnvenriaveneans nacsasdsen es ab seanrsenmenan aides sekusuedeieedaeoriqnotes esse roramannnne 41 V 
Continuous Total dissipation at (or below) 25°C ....... cece cece cen ee nner nent 1000 mW 
Operating Free-Air Temperature Range ....................cceeee teen cree eee eee e eee e anew eens pu Riseeaaceesacresated —-20 to 85 °C 
Storage Temperature Range ................:ccccccseeccecceeeseneeeecseneeeesenea ae eeeesaneeeeeneneaeaeeeeeeeeeeeeeeees —65 to 150 °C 
Collector Output Current ics scccsdinesssaccsebeusasaseddiaveupas Boxtswices eaxensschenupusswansiwns anes pacedenbetetdensmedactinnsesi 250 mA 


Recommended Operation Conditions 


arawereR MN 
/~catecor ouput votece, Vg 

“gach erste ae a. 
—Garentinto Feed backTomnal | SSC~SS 
zs : 


Electrical Characteristics (Temperature —20~%85°C, Voc=15V, f=10KHZ) 
Reference Section 


PARAMETER 
Output voltage (Vcr) ; | 


Output regulation lp5=1 to 10mA, T,=25°C ae 
uteut Volade ehange T,s=—-20°C to 85°C 0.2 1 % 
with temperature 
Short-circuit V0 | 
output current (2) a 
Oscillator Section 


PARAMETER TEST CONDITIONS | MIN | TYP(1) 
C,=0.01 uF 
R= 12k2 S| 
Standard deviation All values of Voc, 10 
of frequency (3) Cr, Ry, T, Constant 


Frequency change with Vec=7V to 40V, Ta=25°C 
voltage 


Frequency change with Cy,=0.01pF, Rp=12k2 a 


temperature Ta=—20°C to 85°C 
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Dead Time Control Section 


PARAMETER TEST CONDITIONS 
Input bias current (pin 4) V,=0 to 5.25V 


Maximum duty cycle, 
= 4 % 
each output ° | : 
Input threshold voltage Zero duty cycle 
(pin 4) Maximum duty cycle 


TYP(1) 


| 
sacl 
oe) 
z= 
5 


Error Amp Sectiens 


2 


Common-mode input voltage Voc=7V to 40V 

range . HIGH = 
ita a AVo=3V, Vo=0.5 to 3.5V 70 
amplification 


Common-mode rejection ratio | Voo=40V, T,=25°C 


: ; Vinp=—15mV to —5V 

Output sink current (pin 3 ID , 0.3 
Output source current Vip=15mV to 5V, 9 

(pin 3) Voipin 3)=3.5V 


PARAMETER TEST CONDITIONS 
Input threshold voltage (pin 3) Zero duty cycle 
Input sink current (pin 3) Voiping) =9.7V 


QO 
‘?) 
© 
oO 
eo) 


> 

~] 
B 

> 


PWM Comparator Section 


0.3 


Switching Characteristics 


Common-emitter configuration, 
Emitter-follower configuration, 
See Test Circuit 4 
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Output Section 


PARAMETER TEST CONDITIONS 
Collector off-state curent VoE=40V, Veco =40V 
Emitter off-state current Voec=Vco=40V, Ve=0 


Total Device 


PARAMETER 


All other inputs & 


Standby supply current 


outputs open 


Vi =3Y 
(pin 4) ’ 
Average supply current Ss Tése Circuit 4 


Notes: 

(1)All typical values except for temperature coefficients are at T,=25° 

(2)Duration of the short circuit should not exceed one second. 

(3)Standard deviation is a measure of the statistical distribution about the mean as derived from the formula 
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GL494 


Parameter Measurement Information 


1. Dead time and Feedback Control 


Vec= 15V 


DEAD TIME (4) (8) C1 
FEEDBACK (3) (9) E1 
Rr (6) 

Cy (5) (11) C2 


eens (12) E2 
(—)(15)4 AMP 

eel ERROR 

(=}42) 


AMI (14) REF 
OUTPUT 


o GND (7) OUT i 


TEST CIRCUIT 


2. Error Amplifier Characteristics 


ERROR AMPLIFIER 


OTHER 
7 ERROR 
AMPLIFIER 


3. Common-Emitter Configuration 


15V 


(EACH OUTPUT 


CIRCUIT) 689 


OUTPUT 


JIG CAPACITANCE) 


Coo ee 


TEST CIRCUIT 


(INCLUDES PROBE AND 


VOLTAGE , wooo 
AT C1 

VOLTAGE ---- 
AT C2 L | | | LU I | | 


VOLTAGE 

AT Cy 
THRESHOLD VOLTAGE 

DEAD-TIME 


CONTROL 
INPUT OV 


] 
i] 
FEEDBACK! 0.7v 


! 
DUTY MAX 
CYCLE 


VOLTAGE WAVEFORMS 


OUTPUT VOLTAGE WAVEFORM 
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GL494 


4. Emittre-Follower Configuration 


(EACH OUTPUT 
CIRCUIT) 


OUTPUT 


(INCLUDES PROBE AND 
JIG CAPACITANCE) 


OUTPUT VOLTAGE WAVEFORM 


TEST CIRCUIT = 


Typical Performance Curves 


fo, OSCILLATOR FREQUENCY (Hz 


°>DT, PERCENT DEADTIME, EACH OUTPUT. 


FIGURE 1 - OSCILLATOR FREQUENCY versus FIGURE 2 - OPEN LOOP VOLTAGE GAIN AND PHASE 
TIMING RESISTANCE versus FREQUENCY 


‘aout Ae A ce Se = a SE 
O 


an os 
CD ER i, RF 


a8 
SBR EH 
ee OSS Te ee 


30 tt 0 
1k 2k 5k .10k 20k 50k 100k 200k SOUk 1M 5 1.0 1 100 1k 1 100k 1M 
FIGURE 3 - PERCENT DEAD TIME FIGURE 4 - PERCENT DUTY CYCLE versus 
versus OSCILLATOR FREQUENCY DEAD-TIME CONTROL VOLTAGE 


verve ot TTT Tt TTT 
vecVe HI LT TTT TT TTT 
Vow =OV. [1 TL LTT TT TA 
PT TTT TT ff er=0.001 we | VAT 
a All| 
| a 
En | ee alll 
Se eiiime ao 


Eee TTT | | 
: Semi AMAT 
100 10k 100k 


is SeeLLATOR FREQUENCY (Hz) 
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FIGURE 5 - EMITTER-FOLLOWER hcp rd eld FIGURE 6 - COMMON-EMITTER CONFIGURATION 
OUTPUT-SATURATION VOLTAGE OUTPUT-SATURATION VOLTAGE 
versus EMITTER CURRENT i: versus COLLECTOR CURRENT 


ECE 
- BS 


-_ 


Voeisar) SATURATION VOLTAGE (V) 


Voesa, SATURATION VOLTAGE (V) 


7 Lolieteedachint chard 
a 4 1 
100 150 200 250 0) 50 100 "150 200 250 


"Ie EMITTER CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


FIGURE 7 - STANDBY-SUPPLY CURRENT 
versus SUPPLY VOLTAGE 


loc, SUPPLY CURRENT (mA) 


Voc, SUPPLY VOLTAGE (V) 


GL78XX Series 


POSITIVE VOLTAGE REGULATOR 


Description 


The GL78XX Series are monolithic integrated circuits 


designed as fixed-voltage regulator. 


These 


regulators employ internal current limiting, thermal 
shutdown, and safe-area compensation. 

With adequate heatsinking they can deliver over 
1.5A output currents.They are intended as fixed 
voltage regulators in a wide range of applications. 


Features 


Block Diagram 


No External Components Required 

High Line Regulation 

High Load Regulation 

Good Ripple Rejection (70dB) 

Low Temperature Coefficient of Output 
(1.0mV/°C) 

Wide Range Input Voltage 

Low Input Bias Current 

Low Output Noise 

Output Current in Exess of 1.5A 


THERMAL 
SHUT 
DOWN 


CURRENT 
LIMITER 
& 


Nn PROTECTOR 
ERROR 
AMP. 


START-UP 
CIRCUIT 


ACV ACO 


GND 


Pin Configuration 
(Top View) 


Type No/Voltage 


GL7805 5.0 Volts 
GL7806 6.0 Volts 
GL7808 8.0 Volts 
GL7809 9.0 Volts 
GL7812 12.0 Volts 
GL7815 15.0 Volts 
GL7824 24.0 Volts 


Absolute Maximum Ratings (T, =25°C) 


Input Voltage 


(5V Through 15V) 35V 
(24V) 40V 
Output Current 3.3A 
Power Dissipation 15W 


Operating Junction O°C to.+125°C 


Temp. 
Storage Temp. —65°C to +150°C 
Lead Temp. 230°C 


(Soldering, 10S) 
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GL78XX Series 


GL7805 Electrical Characteristics (T, = 25°C) 


PARAMETER SYMBOL TEST CONDITIONS 


Output Voltage (1) T,=25°C, Vin=10V, 1,=500MA 4.8 
Output Voltage (2) 7V<V,,<20V, 5.0mA<I,<1.0A 4.75 


Line Regulation T=25°C TSVinS25V, |= 5O00MA 
| 8V<V,,<12V, |,=500mA 
Load Regulation Tj=25°C 9.OMA<I|,<1.5A, Vin=10V 
250mA<I,<750mA, V,,=10V 


Quiescent Current | tg | T,=25°C, Viz=10V, |,=500mA 
Quiescent Current Change IVEVing25V, [>= 500mA 


5.0mA<I,<1.0A, V,,=10V 
Output Noise Voltage 


| No | Vi,p=10V, ,=500mA, 10Hz<f<100KHz 40(TYP 
T.=25°C, V,=1Vume) 120HZ, 15 =20mA, 
Input-Output Voltage 
Differential 


8V<V,.<18V 
Te=25°C, lp=1.0A 2(TYP) 
Short-Circuit Limit | Ise] Vip=35V, Output-GND i. 
Peak Output Current T,=25°C, Vi=12V, Vo=4.75V 15 | 3. 


GL7806 Electrical Characteristics (T, = 25°C) 


PARAMETER TEST CONDITIONS VALUES | UNIT 


Output Voltage (1) Vo1 T=25°C, Vin=11V, 1,=500mA 5.75.) 6.25 
Output Voltage (2) Vo2 8V<V,,<21V, 5.0mMA<I,<1.0A Sf 


Line Regulation AVo1 L=2o"C 8<VinS25V, [p= S00MA 
9V<V,,<13V, |,=S5O00mA 

Load Regulation AVo3 T=25°C SMACI,<1.5A, Vin=11V 
250mAK<1,<750mMA, V,,=11V 


Quiescent Current Change Ala; BV<Vin<25V, |h=SOOMA 
Algo Viz=11V, SMASXI,<1.0A 


Output Noise Voltage Vin=11V, 1,=500mA, 10Hz<f<100KHz 45(TYP 


T=25°C, V;=1V 120Hz, |,=20mA, 
Ripple Rejection J i (rms), O 


9V<V,,.<19V a 
j 


Input-Output Voltage V T.=25° _ | 

Differential e BO" Slo or 2(TYP) ¥ 
Short-Circuit Limit lec V,,=35V, Output-GND | | 1.0 | 
Peak Output Current loeak | T= 25°C, Vin=13V, Vo=5.7V 


VALUES 
MAX 
5.2 
5.25 
50 


UNIT 


< 


V 
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< 


=| 
< 
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GL78XX Series 


GL7808 Electrical Characteristics (T, = 25°C) 


PARAMETER SYMBOL TEST CONDITIONS VALUES | UNIT 


Output Voltage (1) | Vo, | T= 25°C, Vin=14V, 1=500mA | 
Output Voltage (2) | Vog ‘| 10.5V<V;,<23V, 5.0MA<I,<1.0A 


Vor 
Vo2 
Line Regulation T=25°C 10.5V<Vi,<25V, [>= SOOMA 
11VSVj,<17V, |>=500mA 
Load Regulation peosee | > OMbsoeL OAs Nine oY 
250mA<I,<750MA, Vin=14V 
Quiescent Current Change 10.5V<Ving25V, [>= 500mA 


° ’ Oo 
5MAK<I,<1.0A, Vi,=14V 
Output Noise Voltage 


oN, | Vin=14V, 1=500mA, 10Hz<t<100KHz 
ripple Reccton | Py T,=25°C, Vj=1Vims), 120HZ, |=20mA, 
Ripple He|echon 11.5V<V,,<21.5V 
Peak Output Current T,=25°C, Vin=15V, Vo=7-6V 3.3 


GL7809 Electrical Characteristics (T, = 25°C) 


PARAMETER SYMBOL TEST CONDITIONS VALUES UNIT 


Output Voltage (1) | Vor | T= 25°C, Vig=15V, |= 500mA 
Output Voltage (2) | Vag | -11.5VSVi,<24V, 5.0MA<I,<1.0A 


Line Regulation 1=25°C |_11-5VSVins26V, |=500MA 
12V<V,,<18V, |,=500mA 


Voi 
Vo2 
7=25°C | S-OMASIS1.5A, Vin=15V 
250mA<I,<750MA, Vin=15V 
Quiescent Current Change 11.5V<Ving26V, |,=500MA a 
Output Noise Voltage | Ny | Vin=15V, Ip>=500mA, 10Hz<t<1 0OKHz 60(TYP) 


T.=25°C, V.=1V 120Hz, |,=20mA, 
Ripple Rejection ra J (rms), fe) 


12.5V<V,,<22.5V 


Input-Output Voltage V5 T.=25°C, |,=1.0A 2(TYP) V 
Differential 
| ; 
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Load Regulation 


a a 
Oo oO 


Short-Circuit Limit V,,=35V, Output-GND 


Peak Output Current T,=25°C, Vip=16V, Vo=8.55V 
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GL78XX Series 


GL7812 Electrical Characteristics (T, = 25°C) 


PARAMETER TEST CONDITIONS 


Output Voltage (1) | V5; T,=25°C, Vi,=19V, |,=500mA 
Output Voltage (2) Veo 14.5V<V,,<27.0V, 5.0mA<I,<1.0A 


T=25°¢ | 14-5V<Vi,<30V, |,=500mA 
16.0V<V,,<22V, |,=500mA 


a 
sant AVos_| t=95°¢ | 5-OMASI,<1.5A, Vin=19V 120 | mv 
oa 
Lo 
—_ 


SYMBOL 


Line Regulation 


Quiescent Current Tj=25°C, V,,=19V, |,=500mA 


Quiescent Current Change Ala; 14.5V<V,<30V, |,=500mA 
Aloo | 5.0MA<I,<1.0A, V,,=19V 


Vin=19V, |,=500mA, 10Hz<f<100KHz 75(TYP) 


T;=25°C, Vi=1Viems), 120Hz, |,=20mA, 55 
15V<V,,<25V 
P=25°6G, lL=1.0A 2(TYP) 


[va=36v, OumeGno———SSC*dCSSCidS 


Tj=2o°C, Vin=19V, Vo=1 1.4V 


< <|< 
° oO |o 
& m |= 


Output Noise Voltage | 


Ripple Rejection aw 
Input-Output Voltage 
Differential 


Short-Circuit Limit 
Peak Output Current 


V 
lpeak 


GL7815 Electrical Characteristics (T, = 25°C) 


PARAMETER 


Output Voltage (1) 
Output Voltage (2) 


Line Regulation 


Lost 
—_ 

Load Regulation P| 150 | 
|| 80 | 
a 
—_ 


SYMBOL 


Vor 
Vo2 


<j;<|< 
o 10 |o 
Oo Im |= 


Quiescent Current Change Alar 17.5V<Vi,.<30V, |,=500mA 
Algo | 5.0OmA<I,<1.0A, V,,=23V 


Vin=23V, |,=500mA, 10Hz<f<100KHz 90(TYP) 


Output Noise Voltage 
T=25°C, Vi=1Vims), 120Hz, |=20mA, 


Ripple Rejection 18.5V<V..<28 5V 
« ins . 
Input-Output Voltage 
V = ° —o 
Differential . Yala er 


Short-Circuit Limit V,n=35V, Output-GND | ae 
Peak Output Current T)=25°C, Vig=22V, Vo=14.25V 
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GL78XX Series 


GL7818 Electrical Characteristics(T,=25°C) 


VALUES 
PARAMETER SYMBOL TEST CONDITIONS | MIN. | MAX. 


Output Voltage(1) T)=25T, Vin =25V, | =500MA 1 18,7 
Output Voltage(2) 20.5VSV,,=33V, 5.0mASI,S =1.0A | 17.1 | 18.9 


20.5VSV,,<33V, |, =500mA 
Line Regulation T;=25 24.0VSV;,,S30V, |, =500mA 


| = 
5.0mMASI,S$1.5A, Vi, =21V Lg 180 
Load Regulation 7:25 250MASV19S750MA, Vj, =25V aa 
Lo 
— 
a 


~J 
w 


20.5VSV,, =33V, |, =500mA 
Quiescent Current Change 


| Alas 5.0OMASI,S1.0A, Vin =25V 
Output Noise Voltage p Ng | 


Vin = 25V, |, =500mA, 10HzSfS100KHz 110(TYP) 
Ripple Rejection 
Differential Vg Tj =25, |,=1.0A 
Isc 


T, =25°, Vi=1Vims) 120Hz, |p =20mA 
59 
Short-Circuit Limit aa Vin =25V, Output-GND i 1.0 
Peak Output Current T, =25°, Vin =25V, Vo=17.1V 


GL7824 Electrical Characteristics (T, = 25°C) 


PARAMETER SYMBOL 
' 


Output Voltage (1) | Vor | T,=25°C, Vi,=33V, =500MA 23 | 25|/ V 
Output Voltage (2) | Vp | 27VSV,,<38V, 5.0MAKI,<1.0A 22.8 | 25.2 


Line Regulation T,=25°C 27V<V,,<38V, |,=500mA 
30V<V,,<36V, |,=500mA 


Load Regulation T;=25°C SMACI,<1.5A, Vin=33V — 
250MAK<I,<750mMA, Vin=33V |_| 


21VSV,,233V 
Input-Output Voltage 


Quiescent Current — a T)=25°C, Vinp=33V,1,=500mMA 


<Vv. = 
Quiescent Current Change 27V<VingS8V, |= 500MA 
| 5.0mA<I,<1.0A_ . V,,=33V 


Output Noise Voltage | oN, | Vig=33V, |=500mA, 10Hz<f<100KHZ 170(TYP) 


T=25°C, Vi=1V 120Hz, |,=20mA, 
_ Ripple Rejection J (rms), fe) 


28V<V,,<38V 


Vor 

Vo2 
Input-Output Voltage V5 T,=25°C, =1.0A 2(TYP) V 
Differential 


Peak Output Current Tj =25°C, Vig=31V, Vo=22.8V 


loeak 


GL78XX Series 


*“GL78XX Series Test Circuit (AC & DC) 


1. Voy, Vog, AV, Ia, Ala, Vas Icr ben 


O ’ GL78Xx Vo 
/) nae — —----5 
50V/3A C, 


+ Ri¢ 
0.33yF/50V 1pF/SOV 


2. Ripple Rejection 


GL7 8XX 
Series 


2 


SOV/3A 


3. Output Noise Voltage 


10HZ~ 1 00KHz 


NOISE LEVEL 
METER 


Cc. 
1OyuF/S50V 


GL78xx 
1 Series 


2 


SOV/3A 


* Cn, Cour. Ce is Tantalium Capacitor 
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DIFFERENTIAL (VOLTS) Pp, POWER DISSIPATION (WATTS) 


Vin - Vg. INPUT/OUTPUT VOLTAGE 


Ig. OUTPUT CURRENT (AMPS) 


GL78 XX Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — AVERAGE POWER DISSIPATION 
versus AMBIENT TEMPERATURE 


| tos | | | 
[Irae — 
eee SE EE ES 


Hyco = 5°C/W 
Aya = 65°C/W 
Ty(max} 2 19076 


-25 0 25 50 
Ta, AMBIENT TEMPERATURE (°C) 


75 100-128 


FIGURE 3 — INPUT OUTPUT DIFFERENTIAL ASA 
FUNCTION OF JUNCTION TEMPERATURE 


Ta, AMBIENT TEMPERATURE (°C) 


FIGURE 5 — PEAK OUTPUT CURRENT ASA 
FUNCTION OF INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


Vin-Vg. INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 2 — INPUT OUTPUT DIFFERENTIAL ASA 
FUNCTION OF JUNCTION TEMPERATURE 


i 
MV 


—) 


DIFFERENTIAL (VOLTS) 


LU 


AVg = 2% of Vg 
— — — Extended Curve for GL78XXB 


-50 -25 0 25 50 75 
Ty, JUNCTION TEMPERATURE (°C) 


Vin- Vg. INPUT-OUTPUT VOLTAGE 


LU APT Ee 


FIGURE 4 — PEAK OUTPUT CURRENT AS A FUNCTION 
OF INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


Ig. OUTPUT CURRENT (AMPS) 


0 6.0 12 18 24 30 
Vin-Vo. INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 


FIGURE 6 — RIPPLE REJECTION AS A FUNCTION 
OF OUTPUT VOLTAGES 


t= 120 Hz 
19 = 20mA 
{ 


RR, RIPPLE REJECTION (dB) 


8.0 10 12 14 16 18 20 22 24 
Vo. OUTPUT VOLTAGE (VOLTS) 
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GL78 XX Series 


TYPICAL CHARACTERISTICS (continued) 
(Ta = 25°C unless otherwise noted.) 


FIGURE 7 — RIPPLE REJECTION AS A FUNCTION 
OF FREQUENCY 


eeeallll 
eT io 10. 
ol IIT TON TNS TTT 
LEE TTT TOSSA 
vere LUT TT TTT TT TTT 
Pt tho-2ome TTI TT TTT TTT 
CETTE TT ETT TTT 
TT eres aamnitt 
SLL TT TET ETT TTT 
PLL LUT YE TTTTIE TY TEE TTT 


10 100 1.0k 10k 100k 
f, FREQUENCY (Hz) 


40 


RR, RIPPLE REJECTION (aB} 


20 


FIGURE 9 — OUTPUT IMPEDANCE ASA 
FUNCTION OF OUTPUT VOLTAGE 


27g, OUTPUT IMPEDANCE (m2) 


Vo. QUTPUT VOLTAGE (VOLTS) 


FIGURE 11 — DROPOUT CHARACTERISTICS 


QUTPUT VOLTAGE (VOLTS) 


INPUT VOLTAGE (VOLTS) 


FIGURE 8 — OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 


Vg. OUTPUT VOLTAGE (VOLTS) 


a 
a 
Ee 
| ~~ 
La 
La! 
a 
| | | 
Le 
Ee 


-75 -50 -25 0O 25 $0 75 100 425 150 175 
Ty, JUNCTION TEMPEATURE (°C) 


FIGURE 10 — QUIESCENT CURRENT ASA 
FUNCTION OF TEMPERATURE 


Vin = 10V 
Vo =5.0V 
Ig = 20 mA 


Ig. QUIESCENT CURRENT (mA) 


ea 
a 
en 
ae ie 
a 
ae ae 
oe 
= ae 


Ty, JUNCTION TEMPERATURE (°C) 


6-58 


GL79XX Series 
NEGATIVE VOLTAGE REGULATOR 


Description 


The GL79XX series of fixed output negative voltage 
regulators are intended as complements to the 
popular GL78XX series devices. Available in fixed 
output voltage options from —5 to —24 Volts, these 
regulators employ internal current limiting, thermal 
shutdown, and safe-area compensation-making them 
remarkably rugged under most operating conditions. 
With adequate heat-sinking they can deliver output 
currents in excess of 1.0A. 


Features 


High Line Regulation 

High Load Regulation 

Good Ripple Rejection (70dB) 

Low Temperature Coefficient of Outpuf 
(—1.0mV/°C) 

Wide Range Input Voltage 

Low Input Bias Current 

Low Output Noise 

Output Current in Exess of 1A. 


Block Diagram 


THERMAL 
SHUT 
DOWN 


AMP. 
CURRENT 
LIMITER 
& 
PROTECTOR 


INPUT 


4HCvHICO 


Pin Configuration 
(Top View) 


‘ed 
GROUND 


INPUT 


Type No/Voltage 


GL7905 —5.0 Volts 
GL7909 —9.0 Volts 
GL7912 -—12.0 Volts 
GL7915  -—15.0 Volts 
GL7924 -—24.0 Volts 


Maximum Ratings (T, =25°C) 


. Input Voltage 


(—5V Through —15V) —35V . 
(—24V) —40V 

e Output Current 2.2A 

¢ Power Dissipation Internally Limitted 

e Operating Junction O0°C to +150°C 
Temp. 

e Storage Temp. =69°C lo -150°C 

e Lead Temp. 230°C 


(Soldering, 10S) 
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GL79XX Series 


GL7905 Electrical Characteristics (T, =25°C) 


PARAMETER SYMBOL TEST CONDITIONS VALUES UNIT 
| MIN. | MAX. 


—20V<V,,<—7V, 5.0mA<I,<1.0A 


~25V<V,,<—7V, |,=100mA 
—12V<V,,<—8V, |,=100mA 


—25V<V,,<—7V, |,=500mA 
—12V<V,,<—8V, |,=500mA 


Load Regulation T=25°C 5.0mA<I,<1.5A, V,,=—10V 
250mA<I,<750mA, V,,=—10V 


Line Regulation 


Quiescent Current T,=25°C, Vip=—10V, |,=500mA 
Quiescent Current Change ~25V< Vins —17V, 1,=SO00MA 


Vig=—10V, 5MA<I,<1.5A 


Vin=—10V, 1,=500mA 
Output Noise Voltage 1 OHZ<#< 1 0OKHz 
; T=25°C, V.=1V 120Hz, |,=20mA 
j | (rms): sto ’ 
Ripple Rejection = 18V<V,,<—8V 


Input-Output Voltage 
Differential 


_GL7909 Electrical Characteristics (T, = 25°C) 


PARAMETER SYMBOL TEST CONDITIONS 


Output Voltage (1) | Vor | T)=25°C, Vin=—15V, |5=500mA 

Output Voltage (2) —24V<V;,<—11.5V, 5.0mA<I,<1.0A 
AVo3 —26V<Vj,<—11.5V, =100mA | 

Line Regulation es ne 1207 00mA Le 

—26V<Vi,<—11.5V, 1=500mMA | 

—18V<Vi,S—12V,1,=500mMA | | 


he 
o) 

BE 
=< |< 


Vor 
Vo2 
Load Regulation T=Zor0 So ey Van = 
250mA<I,<750MA, V,,=—15V 
Quiescent Current P lig, Tj=25°C, Vip=—15V, |,=500mA 
Quiescent Current Change 7 26VSVinS — 11.5, p= 500MA Be 1.0 
| Algo | Vig=—15V, 5MA<I,<1.5A 
Output Noise Voltage pM 


Vin=—15V, |,=500mA 
10Hz<f< 100KHz 
Ripple Rejection SR 
Input-Output Voltage 
Differential Va 


1=269°C, Vi=1Vims)» 120Hz, |,=20mA, 
—22VEV.5==12V 


5 
Oo 
< >) P| ri< 


T,=25°C, =1.0A 
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GL79XX Series 


GL7912 Electrical Characteristics (T, =25°C) 


PARAMETER SYMBOL TEST CONDITIONS VALUES UNIT 
: | MIN. | MAX. 


| —27V<V,,<—14.5V, 5.0MA<I,<1.0A 
—22V<V,,<-16V,|,=100mA | | 60° 
~30V<V,,<—14.5V, |,=500mA 240 


~22V<V,,<—16V, |,=500mA 


5.OMA<I,<1.5A, V,,=—19V 
250mA<I,<750mA, V,,=—-19V 
T,=25°C, V,,=—19V, |,=500mA 


Line Regulation 


J 


—_ 
oe 
a 
a 
"ae TP 3 
~30V<V,,<—14.5V, |,=500mA Ff 1.0 
V,,=—-19V, 5mA<I,<1.5A PL OS 


150] pV 
1.1 ap) vv 


Vin=—19V, |,=500mA 
Output Noise Voltage Ee 4 OHz<f<1 OOKHz 


Tj=25°C, Vi=1Vims), 120Hz, |= 20mA, 
—25V<V,,.<—15V 


T,=25°C, |,=1.0A 


GL7915 Electrical Characteristics (T, =25°C) 


PARAMETER SYMBOL 


Output Voltage (1) T,=25°C, Vi;p=—23V, 1,=500mA | | 
Output Voltage (2) ~30V<V,,<—17.5V, 5.0mA<I,<1.0A 15.75 |-14.25 
d 


Ripple Rejection 54 


Input-Output Voltage 
Differential 


TEST CONDITIONS 


—26V<V,,<—20V, ,=100MA | 


“26VEV,<—20V, = 500mA_| | 160 | mv_ 
EOMARI<15A Va=—2ev |__| 900 | mv | 


Load Regulation 


Quiescent Current Pl T=25°C, Vi,p=—23V, |,=500mA Le 

Quiescent Current Change —30VEVinS — 17.5V, |= S00mA || 1.0 | ma | 
Vin= —23V, |,=500mA 
10Hz<f<100KHz 18 


Line Regulation 


Tj=25 °C 
250mA<I,<750mA, V,,=—23V 


Output Noise Voltage 


T)=25°C, Vi=1Vimg), 120HzZ, |,=20mA, 
—28.5V<V,,<—-18.5V 


Ripple Rejection 


Input-Output Voltage 


Differential V 


| GL79XX Series 


GL7924 Electrical Characteristics (T, =25°C) Cin =2uF, Cour= 1 uF 


ran [wax 
T,=25°C, Vip=—33V, |, =500MA 
~38V<V,,<—27V, 5.0mA<I,<=1.0A 
—38V<V,,<—27V, |,=100mA 
~36V<V,,<—30V, |,=100mA 


—38V<V,,<—27V, |,=500mA mV 
—36V<V,,<—30V, |,=500mA 


Vin=—33V, |,=500mA 
1OHz<f< 1 OOKHz 


1=29°C, Vi=1Viems) 120Hz, |,=20mA, 
— 38V<V,,<—28V 


|= 1.0A 


*GL79XX Series Test Circuit (AC & DC) 
1. Vo1, Voz, AVo, Ig, Allg, Vy 


GL79XxX 
Series 


1 


—50V/3A 


2. Ripple Rejection 


2702 


GL79XxX 
Series 


1 


Cx 
TuF 50V 


GL79XX 
Series 


1 


—50V/3A 


NOISE LEVEL 
METER 


ae, Cour. is Tantalium Capacitor 
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Pp, POWER DISSIPATION (WATTS) 


Vo, OUTPUT VOLTAGE (-VOLTS) 


GL79 XX Series 


TYPICAL CHARACTERISTICS 
(Ta = +25°C unless otherwise noted.) 


FIGURE 1 — AVERAGE CASE POWER DISSIPATION AS A FIGURE 2 — PEAK OUTPUT CURRENT AS A FUNCTION OF 
FUNCTION OF AMBIENT TEMPERATURE (TO-220) INPUT-OUTPUT DIFFERENTIAL VOLTAGE 


4] 
= 
< 
> 
3 
Ss 
oO 
5 
. 
= 
i=) 
| Oya = = 65°C/W 
Pp (Max) = 15 W 
ae 50 75 100 125 150 0 30 60 90 12 #15 18 $=$2 2% £27 ~~ 30 
Ta, AMBIENT TEMPERATURE (°C) |Vj-Vgi, INPUT-OUTPUT VOLTAGE DIFFERENTIAL (VOLTS) 
FIGURE 3 — RIPPLE REJECTION AS A FUNCTION FIGURE 4 — RIPPLE REJECTION AS A FUNCTION OF 
OF FREQUENCY OUTPUT VOLTAGES 
i CHIT viz aye Uf 
oT LEE EET to=20ma fi 
Septem tennant S 
oI LT LIPS TT 
SCHMITT rss NUT 8 
ghd ETI SE : 
COCCI 3 
of Phpede be oeihe HHA of fete ¢ 


RR, RIPPLE REJECTION (dB) 


: CTCEMIM TTT 


40 
10 100 k 2040 60 80 10 #4»=%12 #214 «2=146 «18 ##2 22 
f, FREQUENCY (Hz) Vo, OUTPUT VOLTAGE (VOLTS) 


FIGURE 5 — OUTPUT VOLTAGE AS A FUNCTION 
OF JUNCTION TEMPERATURE 


-25 0 +25 +50 +76 =69+100=— +125 +180 = +178 
Ty, JUNCTION TEMPERATURE (°C) 


GL7401 


BIDIRECTIONAL 
MOTOR DRIVER WITH BRAKE 


Description Pin Configuration 


The GL7401 is a bidirectional motor driver IC. It is especial- 
ly suited for use in motor drive applications where the front 
loading function of VTR’s and the auto reverse function of 
cassette decks are performed. 


Feature 


e Built-In Braking Function 

¢ Built-In Diode to Absorb dash Current 

e Wide Operating Voltage Range (4 ~ 18V) 
e Direct Drivable with TTL. 


GL7401 


Absolute Maximum Ratings 


Supply Voltage Voc 20 V 
Input Voltage Vin —0.3toVeo V 
,Output Current lo 1.6 A 
Power Dissipation 7.0 W 
Operating Temperature Topr -25to75 °C 
Storage Temperature Tstg -55to125 °C 


Without Heat Sink 2.5w 
With Heat Sink ZOW (100x100x1.3mm? Al) 


Block Diagram 
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GL7401 


Recomended Operating Conditions at T, = 25°C 


Supply Voltage Voc 4to 18 V 
““H’’-Level Input Voltage Vin 3 to Voc V 
“L’’-Level Input Voltage Vit —0.3 to +0.4 V 
Output Current lo — 500 to +500 mA 
Forward->Reverse Inhibit Time Torr 10 or more us 


Electrical Characteristics: T, = 25°C, Vcc=Voc’=12V 


purer Dispaion | ke _[Vaervara Are. Veovarav || 
PWtevel Output Votage | Vou [VirerMa=2V.lo=-soma «08 | 
Fw -tevel Oupu Votage 2] Vow [Visor Va=@V.lg= 100A ————S—«* | 
Fete! OuputVotage | Vou [VnorVe=2V.lo=soma | 

-_ 


“L’’-Level Output Voltage 2| Vora | V4 Or Vio=2V, lp =100MA 
Interoutput Voltage Vi, OF Vin =2V, Io= + 100MA 
Input Voltage |, =500pA 


Zi 
np 


Output Leakage Current 


=Voc'= 18V, Vo =O0V, Ving =Vino=OV, Vo = 18V 


Control Mode Typical Applications 


Remarks 


ro fo [— 
fe 
Pee 

= 


7 
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GL7401 


Typical Performance Curves 


A-HO, ‘aBero, 19007 ,.H,, INdINO 


yw-99) ‘uonedissig jueung 


Output Current, Io-A 


Supply Voltage, Voc-V 


Pd max-Ta 


M-Xewpd ‘uoledissig saModg sIGeMO|ly 


A- 1A ‘a6e}0A [987 ,,1,, INdINO 


40 60 80 100 


20 


Ta-°C 


’ 


Ambient Temperature 


Output Current, Ip-A 
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GL7438 


DUAL BI-DIRECTIONAL MOTOR DRIVER 


Functions 
e Dual Bi-directional Motor Driver 


e  Elevation/Loading Motor Driver for VTR 


Pin Configuration 


Features 


e Required Simple External Parts : 3 OUT3 
e Possible to Control Three Mode (Forward Drive, GL7438 (Ss 
Backward Drive and Brake) 


e There are Diodes to Protect Surge 8 VR 
9 Vec2 
e Possible to Interface with CMOS Output 10 OUT1 


Absolute Maximum Ratings : Ta = 25°C 
Item Unit Recommended Operating Conditions 
Supply voltage Voc | 20] Parameter Unit 
Power Dissipation | Po | 1,900 | mW _ IC Operating Voltage V 
Operating Temperature °C Motor Operating Voltage V 
Storage Temperature °C Reference Voltage eae V 
“Input Voltage Pw |-08~+8 | “LOW” Input Voltage eee V 
Output Current aera a “HIGH” Input Voltage Vin V 


Block Diagram 


CONTROL 
CIRCUIT 
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GL7438 


Electrical Characteristics : Ta = 25°C, VCC = 12V 


raieen [eve] vesrcowrons [wn [rr [wa [ 
ur imeier | wr [wncopm com [wo fos) | mk 
= [Sem 
recweaoraee | AW [wntmlerwon incest | 08 | = | 8 | V 


3 Pin Output Offset Voltage Vr =6.0V, 8 Pin base, loys) =0.5A 


10 Pin Output Offset Voltage | AV10 | Va=6.0V, 8 Pin base, loi1o) =0.5A 


8 pin Inflow Current 1 2 Pin="“H”, loia) =0.5A, VR=6.0V / 02 | 06 | 15 | ma 

8 pin Inflow Current 2 bee 3 Pin ="H’, lo =0.5A, Va=6.0V / 02 | 06 | 15 | ma 

8 pin Inflow Current 3 10 Pin ="H", loo) =0.5A, Va=6.0V /o2 | 06 | 15 | ma 
4,5,6pin="L’, Inflow Current into 9 Pin 


Test Circuit 
Input/Output Logic Table 


ap 5P | 6P |10P| 2P | 3P 
INd | IN2| IN 3 |JOUT1/JOUT2;\OUT3 REMARKS 
eT foe 
Current flows from 
rete fe [a | prams 
Current flows form 
CSCS 
| Current flows form 
Current flows form 
De Pee [ef fomeme 
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Application Circuit 


Vec2 


RN . 
0,0,0,0,0,0,0,0,0,0 


2,3,10 PIN 


0) I8 = Ic-Ib =~ Ic 
a The current at Pin 8 is obtained by substracting the base 


current, Ig from current Ic determined inside the IC. When 


CM : capacitor to protect parasitic oscillation Ic > Ip, however, a nearly constant current flows. The | 
RC: current limiting resistor at output short circuit to maximum output voltage is available, when Pin 8is open. 
It may be expressed as follows: 


Vomax = Vcci - VSAT(Q1) - VF(Q2) - VF(Q3) 
Since Vomax does not exceed Vcc, the inter-motor volt- 


reduce collector dissipation 


R1, R2: resistor to set up output voltage, 


age cannot be effectively raised, when the collector 


R2 
VOH = VCC x power dissipation only is increased even if Vcca is. raised 
Ri + R2 above Vcci. 
Precautions when Using 3. Brake 


1. Inputting control Sig nals when the brake is applied, all outputs are at the “L” level. 


Therefore, the motor not driving may be affected instan- 


Vreg Approx. 4V taneously. Care should be taken when actually mount- 
ing. 
Approx. 
AG EIN 5 k | | 4. Package Power 
nternal logic 
The reletion between the output current, lo, and the out- 
“ip put voltage, Vo, is illustrated bolow. 
oO Vo [V] Output Voltage 
11 
10 
The input circuit configuration is illustrated above. The 9 
inlet logic level is Vit (0 to 1 V) and Vin (3.5 to 5 V). If the 
input voltage “H” is 5 volts or more, an unnecessary Cur- 2 


rent will flow in the IC. This is important to remember. 

2. Output Voltage Control a 
The output terminal and Pin 8 circuit configuration is il- 

lustrated below. °5 0.5 1 


1.5 


co 
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. — GL7438 


The IC power dissipation, Pg, may be obtained fromthe g. Miscellaneous 


following expression: lf Pin 3 (output terminal) turns negative, the input ter- 
Pa = Vcc x Icc + lo x {(Vcc-VOH) + — manal will be affected. This is problematical in operation. 
Vot} To prevent the problem, two countermeasures are shown 
Refer to the power reduction curve and design the heat pelew. 
Action a: 


radiation to allow for Pg. 


Aschottky diode is connected between Pin 3 and GND. 
5. ASO Curve 7 


Ic [A] Collector Current 


Action b: 
A capacitor is connected between Pin 3 and GND. 


Collector - Emitter Voltage Vcc [V] 


2 3 10 
6. Recommended Operating Conditions 
Power supply voltage : 8to 18 V @- 
Instantaneous current: | See the ASO Curve above. 
2.2uF=- 1uF 
Steady-state current : — 0.5 A (Note the Pg) il tuF 


7. Thermal Protection 

After the thermal protection circuit has functioned, all 
outputs will be at the “L” level whatever the inputs. When 9. Electrostatic Discharge Characteristics | 
the thermal protection is released, the GL7438 returns to (when C = 200 pF) 

the circuit operation corresponding to the inputs. The 
thermal protection function operates at an IC chip 


temperature of 150°C (min. 125°C) and is released at 
100°C (max. 125°C). A temperature difference of at least 
10°C is required for operation and resetting. 


= nes 
fy 
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GL7438 


Electrical Characteristic Curves 


Icc - Voc VIN-TA 


ee Vin(v) : INPUT VOLTAGE 


ey CIRCUIT CURRENT 


0 
12 6 20 -20 
SUPPLY VOLTAGE : Vec(V) 


Po-—Ta 


Pd(W) POWER DISSIPATION 
10 


os il 
on 


Vout — Vg 
OUTPUT VOLTAGE : Vout(V) 


4 
2 
0 
: ee AMBIENT TEMPERATURE Tac) oe ee 
lin — VIN lg—lout. 
lin(uA) INPUT CURRENT bilities 


0 4.0 5.0 6.0 
INPUT VOLTAGE : Vin(V) 


0 20 40 60 80 
AMBIENT TEMPERATURE : Ta(C) 


08 12 16 20 
OUTPUT CURRENT : lout(A) 


AVs — lout 


0 deltaVa(V) 


0 04 08 12 16 20 
OUTPUT CURRENT : lout(A) 


Vout — lout 


OUTPUT VOLTAGE : Vout(V) 


eC) Paae 
2 EERE 


00.2 0.4 0.6 0.8 1.0 1.2 1.41.6 
OUTPUT CURRENT : lout(A) 
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GL7445 


BIDIRECTIONAL MOTOR DRIVER 


Description 


Pin Configuration 


The GL7 445 is a bidirectional motor driver IC. Since it has 
a 2 input logic circuit and performs the functions of bidirec- 
tional driving and braking, it is capable of direct driving 6V, 
9V, 12V motors. The output voltage can be varied by us- 


ing an external zener diode. 


Features 


Built-in Braking Function 


Input Connectable Direct to MOS LSI 


Absolute Maximum Ratings (T,=25°C) 


Suppy Voltage Voc max 18 
Input Voltage Vin -0.3 ~ Vee 
Output Current lout(peak) +1.6 
Power Dissipation Pp 2:2 
Operating Temperature Topp ~25 ~~ 75 
Storage Temperature Tstq —-55 © 125 


Block Diagram 


we Seay; 


Built-in Element to Absorb Dash Current of Motor 


Output Voltage Variable by Use of External Zener Diode. 


= Se eS 


fe) 
C0 


Vics OUT 


Vz 

Int [oO 2 

“I 

aw 

IN2 5 
Veer 
Voce 
Protection 
OUT2 


a iy 
+} 
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GL7445 


UNIT 


Electrical Characteristics: Ty=25°C, Voo=12V (unless otherwise specified) 


~“J 
£ 


Input level 
1:2.0V or more 


0:0.7V or less 
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Typical Performance Curves 


Current Dissipation, I,,-mA 


Current Dissipatio, log>MA 


Output Voltage, V,-V 


loc’ Vec 


2 
% 2.8 
> 
@ 2.4 
ie)) 
& 
2 2.0 
6 16 
© 
=) 
5 1.2 
0.8 
0.4 
6) 
0 92 04 06 08 1.0 1.2 1.4 1.46 1.8 2.0 
Output Current, |,-A 
loo-Ta Vsata7lo 
8 1.6 
4 “T 
sa tt TTT ET TL 
3 
5 > 1.0 
o 
4 & 
= 08 
> 
3 Ss 06 
g LS 
2 5 0.4 
7 ‘Se ceReeaEee 
0 0) 
-40-20 0 20 40 60 80 100 120 140 160 0 02 04 06 08 1.0 1.2 1.4 16 1.8 2.0 
Ambient Temperature, 12°C Output Current, lorA 
Pd max-T, 
= 
3 
£ 
Ro) 
a. 
= 
g 
a 
3 
a 
® 
= 
Oo 
a. 
® 
8 
é 
<x 


Zenner Voltage, V,-V Ambient Temperature, T,-°C 
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GL7445 


Test Circuit 


4) 
DOOYOO “or 


GL7445 


Application Circuit 


GL7445 
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Description 


The GL555 Timing Circuit is a very stable controller for 
producing accurate time delays or oscillations. In the 
time delay mode, the delay time is precisely controlled 
by one external resistor and one capacitor; in the oscil- 
lator mode, the frequency and duty cycle are both ac- 
curately controlled with two external resistors and one 
capacitor. By applying a trigger signal, the timing cycle 
is started and an internal flip-flop is set, immunizing the 
circuit from any further trigger signals. To interrupt the 
timing cycle a reset signal is applied ending the time- 


GL555 


GENERAL PURPOSE 
BIPOLAR SINGLE TIMER 


Pin Configuration 


GND] 1 


TRIGGER] 2 | DISCHARGE 


GL555 


ouT| 3. 
RESET| 4 


6 | THRESHOLD 


CONTROL 
VOLTAGE 


out. The output, which is capable of sinking or sourcing Block Diagram 


200 mA, is compatible with TTL circuits and can drive 
relays or indicator lamps. 


Vcc 

Feature THRESHOLD = eee 
e Timing Control, zs to Hours. VOLTAGE 
e Astable or Monostable Operating Modes 
e Adjustable Duty cycle OUT 
e 200 mA Sink ar Source Output Current een 
e TTL Output Drive Capabililty 
e Temperature Stablility of 0.005% / °C Typ RESET 
e Normally On or Normally Off Output 
e Direct Replacement For SE555/NE555 a 
Equivalent Circuit 

CONTROL 

VOLTAGE 


Vee 


THRESHOLD 


TRIGGER 


RESET 
DISCHARGE 


GND 
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GL555 


a 


Absolute Maximum Ratings 


Supply Voltage Vcc +18 V 
Power Dissipation Pp 0.9 W 
Storage Temperature Range Tsta -65to+150 °C 
Operating Temperature Range TorpR Oto 70 °C 


Electrical Characteristics : T,=25°C, V* = +5.0 Vto +15 V (unless otherwise specified) 


‘CHARACTERISTIC SYMBOL CONDITION 


Supply Current loc =| Vec= 5V, R= © 


Timing|Initial Accuracy 
Error |Drift With Temperature 
Drift With Supply Voltage 


Threshold Voltage 


Trigger Voltage 


Ve 
Reset Current aa 
Threshold Current 


Control Voltage Level Voy | Voc = 15V | 9.0 10 11 Vv 
Output Voltage LOW VoL ; 


Voc = 5.0V,lo = 8.0mA 
lo. = 5.0 MA, Voc = 5.0V 


[Rise Tine of Ouput 


FatTimeotOut | | 


Oo 
= 
sls 
a | 
ol 
os 


Output Voltage HIGH 


Typical Performance Curves 


Minimum Pulse Width Required 
for Triggering 


°% 0.1 0.2 0.3 0.4 
Lowest Voltage Level of Trigger Pulse - x Vec 


Output Voltage LOW vs 
Output Sink Current 


Ter sv 

ee inet (2 fe ee ee ee Oe 

SS 
Le eT 

eT 

Ae A Ae A AY AS SA Mell A Soman 

fe auf to 


iG 
CIN 


Delay Time vs 
Supply Voltage 


NORMALIZED DELAY TIME 


0 5 10 15 20 
SUPPLY VOLTAGE - V 


Total Supply Current vs 
Supply Voltage 


SUPPLY CURRENT - mA 


SUPPLY VOLTAGE - V 


Output Voltage LOW vs 
Output Sink current 


OUTPUT VOLTAGE - V 
10 


Vec = 10V 
aoe 
ee i i es ee 
tT 
ea 
Ft — + — | A 
ee Oe ee eee ee | 2 a 
fees LT | — 
| es TT 
Saar 
ae se es 
sol Ltt — 
dK 5.0 10 50 100 
SINK CURRENT - mA 
Delay Time vs 
Ambient Temperature 
NORMALIZED DELAY TIME 


| tT Pre 


50-25 0 25 50 75 100 125 
AMBIENT TEMPERATURE - 'C 


~GL555 


Output Voltage HIGH vs 
Output Source Current | 


O10 5.0 10 50 100 
SOURCE CURRENT - mA 


Output Voltage LOW vs 
Output Sink Current 


OUTPUT VOLTAGE - V 
10 
Vee = 15 


meas 
mee 
PT Try < 


Propagation Delay vs 
Voltage Level of Trigger Pulse 


PROPAGATION DELAY - ns 


0 0.1 0.2 0.3 0.4 
Lowest Voltage Level of Trigger Pulse - x Vec 
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Typical Applications 
MONOSTABLE OPERATION 


In the monostable mode, the timer 
functions as a one shot. Referring to 
Figure 1 the external capacitor is ini- 
tially held discharged by a transistor 
inside the timer. 

When a negative trigger pulse is ap- 
plied to lead 2, the flip-flop is set, 
releasing the short circuit across the 
external capacitor and driving the 
output HIGH. The voltage across the 
capacitor increases exponentially 
with the time constant + = RyCy. 
When the voltage across. the 
capacitor equals 7/3 Vcc, the com- 
parator resets the flip-flop which 
then discharges the capacitor rapid- 
ly and drives the output to its LOW 
state. Figure 2 shows the actual 
waveforms generated in this mode 
of operation. 


Figure 1 Monostable Mode 


Vcc = 5V to 15V 


CONTROL 
VOLTAGE 


~The circuit triggers on a negative 
going i nput signal when the level 
reaches '/3 Vcc. Once triggered, the 
circuit remains in this state until the 
set time elapsed, even if it is trig- 
gered again during this interval. The 
duration of the output HIGH state is 
given by t = 1.1 RiC; and is easily 
determined by Figure 3. Notice that 
since the charge rate and the 
threshold Level of the Comparator 
are both directly proportional to 
supply voltage, the timing interval is 
independent of supply. Applying a 
negative pulse simultaneously to the 
Reset terminal (lead 4) and the trig- 
ger terminal (lead 2) during the 
timing cycle discharges the external 
capacitor and causes the cycle to 
start over. The timing cycle now 
starts on the positive edge of the 
reset pulse. During the time the 


reset pulse is applied, the output is 
driven to its LOW state. 

when Reset is not used, it should be 
tied HIGH to avoid any possibility of 
false triggering. 


Figure 2 Monostable Waveform 


t = 0.1 ms/DIV 


OUTPUT VOLTAGE = 5.0 V/C 


TI 
NAL ALA 
eee 


Rie 91k Ct= 0.01uF, ALS 1K 


WEN 


Figure 3 Time Delay vs Ri and C; 


oo uF 


1.0 
0.1 
0.01 
ee He By JP 
ASTABLE OPERATION 


when the circuit is connected as 
shown in Figure 4 (leads 2 and 6 
connected) it triggers itself and free 
runs as a multivibrator. The external 
capacitor charges through R; and Re 
and discharges through Roe only. 
Thus the duty cycle may be precise- 
ly set by the ratio of these two resis- 
tors. 

In the astable mode of operation, C; 
charges and discharges between '/3 
Vcc and 2/3 Vcc. As in the triggered 
mode, the charge and discharge 
times and therefore frequency anr 
independent of the supply voltage. 
Figure 5 shows actual waveforms 
generated in this mode of operation. 
the charge time (output HIGH) is 
given by: 


ty, = 0.693 (Rr + Re) Cy 


and the discharge time (output 
LOW) by : 


te = 0.693 (Re) Ci 
Thus the total period T is given by: 
T = ty + te = 0.693 (Ri +2Re) Cy 
The frequency of oscillation is then : 


1 1.44 
T (Ry +2Ro) Cy 
and may be easily found by Figure 


6. 
The duty cycle is given by : 


_ Fe 
R;+2Re 


f= 


DC = 


Figure 4 Astable Mode 


Vcc = 5V to 15V 


OUT 


CONTROL 
VOLTAGE 


Figure 5,Astable Waveform 


t = 0.5 ms/DIV 


R1 =R2=4.8k, C1 =.1uF, RL= 1k 


Figure 6 Free Running Frequency vs 
Ri,Re,and Cy 


CAPACITANCE - uF 


ONIN 


0.001'>—+ 49400 1k 10k 100k 
FREE RUNNING FREQUENCY - Hz 
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GLC555/556 


CMOS GENERAL PURPOSE TIMER 


{ 
Description 
The GLC555/6 are CMOS RC timers providing significantly 
improved performance over the standard SE/NE555/6 and 
355 timers, while at the same time being direct 
replacements for those devices in most applications. 
Improved parameters include low supply current, wide 
operating supply voltage range, low THRESHOLD, 
TRIGGER and RESET currents, no crowbarring of the 
supply current during output transitions, higher frequency 
performance and no requirement to decouple CONTROL 
VOLTAGE for stable operation. 
Specifically, the GLC555/6 are stable controllers capable 
of producing accurate time delays or frequencies. The 
GLC556 is a dual GLC555, with the two timers operating 
independently of each other, sharing only V* and GND. In 
the one shot mode, the pulse width of each circuit is 
precisely controlled by one external resistor and capacitor. 
For astable operation as an oscillator, the free running 
frequency and the duty cycle are both accurately controlled 
by two external resistors and capacitor. 


Features 


e Exact equivalent in most cases for SE/NE555/556 

e Low Supply Current — 80uA/160uVA Typ (GLC555/556) 

e Extremely low trigger, threshold and reset currents 
— 20pA Typ. 

e High speed operation — 500 kHz guaranteed 

e Wide operation supply voltage range — 2 to 18 volts 

e Can be used with higher impedance timing elements 
than regular 555/6 for longer RC time constants. 

¢ Timing from microseconds through hours 

Operates in both astable and monostable modes 

Adjustable duty cycle 

High output source/sink driver can drive TTLICMOS 

Typical temperature stability of 0.005% per °C at 

25°C 

e Output have very low offsets, HI and LO 


Application 

e Precision Timing 

e Pulse Generation 

e Sequential Timing 

e Time Delay Generation 


e Pulse Width Modulation 
e Pulse Position Modulation 
e Missing Pulse Detector 


Pin Configuration 


8t_] v' 

7] DISCHARGE 

6{_J THRESHOLD 

5{_] CONTROL VOLTAGE 


TRIGGER[_}2 GLC 
OUTPUT[(J3 995 


DISCHARGE [[] 1 
THRESHOLD[_] 2 13] DISCHARGE 
CONTROL VOLTAGEL3 gic 12f2] THRESHOLD 
RESETLI4 556 11[-] CONTROL VOLTAGE 


OUTPUT L_J5 10f_J RESET 
TRIGGER [_]6 Qf_J OUTPUT 
GNDLJ7 81_] TRIGGER 


Truth Table 


DISCHARGE 
paw) pve) | wav | tow | ON 


NOTE: RESET will dominate all other inputs. 
TRIGGER will dominate over THRESHOLD. 


THRESHOLD 


Block Diagram 


OUTPUT 
DRIVERS | 


5 
CONTROL 
VOLTAGE 


TRIGGER 
rd 


COMPARATOR 
B 


This block diagram reduces the circuitry down to its simplest equivalent 
components. Tie down unused inputs. 
R=100k2,+20% typ. 
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™ 


Absolute Maximum Ratings (Note 1) 


‘Supply Voltage Voc +18 Volts Stresses above those listed under Absolute Maximum 
Input Voltage <Vt+0.3V to 2 V--0.3V Ratings may cause permanent damage to the device. These 

(Trigger, Threshold, Reset) are stress ratings only, and functional operation of the 
Output Current lo 100mA “device at these or any other conditions above those 
Power Dissipation(GLC555/5562)Pp 200/300mW _ indicated in the operational sections of the specifications 
Operating Temperature’ Topr —20° to +85°C is not implied. Exposure to absolute maximum rating 
Storage Temperature Teg —65° to +150°C conditions for extended period may affect device reliability. 


Lead Temperature (60 Seconds): Tsoi per 300°C 


Operating Characteristics (T,=25°C, V+=+2 to +15 Volts unless other specified) 


SYMBOL PARAMETER TEST CONDITIONS VALUE UNITS 


I* Supply Current (NOTE 3) 


Vt= 2V 
V*=18V 
Ra, Rg=1k to 100K, 5V<V*<15V, C=0.1pF 
Note 4 
Note 4 t= 5V 
V*=10V 
V*=15V 


GLC556 


Timing Error 
Initial Accuracy 
Drift with Temperature 


2.0/5.0] % 
50 | 200 |ppm/°C 


Drift with Supply Voltage Vi=5V 


Threshold Voltage 
Trigger Voltage 


Reset Voltage 


Control Voltage Lead 


Output Voltage Drop 
ae 
pt 
| trax _| 


Output Lo V*=15V_ lonx=2OmA 
*= 5V lonx=3.2mA 
Output Hi Vt=15V_Isource=0-8MA. 
V*= 5V lsournce = 0.8MA 


T; Rise Time of Output 
t; Fall Time of Output 
fmax | Guaranteed Max Osc Freq 


NOTE: 

- Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater than V* +0.3V 
or less than V- —O0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sources not operating from the 
same power supply be applied to the device before its power supply is established. In multiple systems, the supply of the GLC555/6 must be turned on first. 

_ Junction temperatures should not exceed 135°C and the power dissipation must be limited to 20mW at 125°C. Below 125°C power dissipation may 
be increased to 300mW at 25°C. Derating factor is approximately 3mW/°C (GLC556) or 2mW °C (GLC555). 

_ The supply current value is essentially independent of the TRIGGER. THRESHOLD and RESET voltages. 

_ Parameter is not 100% tested. Majority of all units meet this specification. 


Astable Operation 


_ 


i) 


& W 
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Application Notes 

GENERAL 

The GLC555/6 devices are, in most instances, direct 
replacements for the NE/SE 555/6 devices. However, it 
is possible to effect economies in the external component 
count using the GLC555/6. Because the bipolar 555/6 
devices produce large crowbar currents in the output driver, 
it is necessary to decouple the power supply lines with a 
good Capacitor close to the device. The GLC555/6 devices 
produce no such transients. See Figure 2. 


SUPPLY CURRENT (mA) 


0 200 
Figure 2. Supply Current Transient Compared with a 
Standard Bipolar 555 During an Output Transition 


400 600 800 (ns) 


The GLC555/556 produces supply current spikes of on- 
ly 2-3 mA instead of 300-400mA and supply decoupling 
is normally not necessary. Secondly, in most instances, 
the CONTROL VOLTAGE decoupling capacitors are not 
required since the input impedance of the CMOS com- 
parators on chip are very high. Thus, for many applications 
2 capacitors can be saved using a GLC555 and 3 
capacitors with a GLC555.., 

POWER SUPPLY CONSIDERATIONS 

Although the supply current consumed by the GLC555/6 
devices is very low, the total system supply can be high 
unless the timing components are high impedance. 
Therefore, use high values for R and low values for C in 
Figures 3 and 4. 

OUTPUT DRIVE CAPABILITY 

The output driver consists of aCMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply 
voltages will equal the supply voltage. At a supply voltage 
of 4.5 volts or more the GLC555/6 will drive at least 2 
Standard TTL loads. 

ASTABLE OPERATION 

The circuit can be connected to trigger itself and free run 
as a multivibrator, see Figure 3. The output swings from 
rail to rail, and is a true 50% duty cycle square wave. (Trip 
points and output swings are symmetrical.) Less than a 1% 
frequency variation is observed, over a voltage range of 
+O tO + 15V, 


GLC555/556 


10K 


ALTERNATE 
4 INPUT 


Figure 3. Astable Operation a 


MONOSTABLE OPERATION 

In this mode of operation, the timer functions as a one-shot. 
Initially the external capacitor (C) is held discharged by a 
transistor inside the timer. Upon application of a negative 


TRIGGER pulse to pin 2. the internal flip flop is set which 


releases the short circuit across the external capacitor and 
drives the OUTPUT high. The voltage across the capacitor 
now increases exponentially with a time constant t=R,C. 
When the voltage across the capacitor equals 2/3 V*, the 
comparator resets the flip flop, which in turn discharges 
the capacitor rapidly and also drives the OUTPUT to its low 
State. TRIGGER must return to a high state before the OUT- 
PUT can return to a low state. 


t=0.69RC 


“TRIGGER 

41 output 

“Y RESET 
Vt<18V 


OPTIONAL 


1 

1 
ne 
Figure 4. CAPACITOR ak 


Monostable Operation 
CONTROL VOLTAGE 
The CONTROL VOLTAGE terminal permits the two trip 
voltages for the THRESHOLD and TRIGGER internal com- 
parators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or 
even inhibition of oscillation, depending on the applied 
voltage. In the monostable mode, delay times can be chang- 
ed by varying the applied voltage to the CONTROL 
VOLTAGE pin. 
RESET 
The RESET terminal is designed to have essentially the 
same trip voltage as the standard bipolar 555/6, i.e. 0.6 
to 0.7 volts. At all supply voltages it represents an extreme- 
ly high input impedance. The mode of operation of the 
RESET function is,.however, much improved over the stan- 
dard bipolar 555/6 in that it controls only the internal flip 
flop, which in turn controls simultaneously the state of the 
OUTPUT and DISCHARGE pins. This avoids the multiple 
threshold problems sometimes encountered with slow fall- 
ing edges in the bipolar devices. 


Sls essen 
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GM0832 


8 BIT SERIAL I/O A/D CONVERTER 
WITH MULTIPLEXER OPTIONS 


Description Pin Configuration 


The GMO0832 is a successive approximation A/D converter with 
a serial I/O and configurable input multiplexers with upto 2 chan- 


nels. The serial input/output is configured to interface with stan- CS 18 | Voc (Veer) 
dard shift resisters or microprocessor. The 2 channel multiplexers 

aresoftware configured for single-ended or differential inputs as well CH CLK 

as channel assignment. The differential analog voltage input GM0832 

allows increasing the common mode rejection and offsetting the CH, 61 De 
analog zero input voltage value. The voltage reference input can 

be adjusted to allow encoding any smaller analog voltage span GND | 4 D, 


to the 8 bits of resolution. 


Feature 


e Easy Interface to All Microprocessors, or Operates 
““Stand-Alone”’ 

¢ Operates Ratiometrically or with 5V Voltage Reference 

¢ No Zero or Full-Scale Adjust Required 

e 2 Channel Multiplexer Options with Address Logic 

¢ OV to 5V Input Range with Single 5V Power Supply 

e Resolution: 8 Bits 

e Total Unadjusted Error: + 1 LSB. 

e Single Supply: 5V 

e Low Power: 15 mW 

e Conversion Time: 32us 


Absolute Maximum Ratings | 


Supply Current 10 mA 
Supply Voltage ep) V 
Logic Input Voltage —0.3 to 15 V 
Analog Input Voltage —0.3 tOVec+0.3 V 
Power Dissipation 0.8 W 
Operating Temperature Range 0 to 70 °C 
Storage Temperature Range ~65 to 150 so & 
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Electrical Characteristics: Voo=5V, fo. = 250 KHz (unless otherwise specified) 


MARAMETER ~ CONDITIONS *1 
- a Veo =4.75V, loy = — 360uA 24 
High-Level Output Voltage 


Voc = 4.75V, loH =- 10 pA 45 


TYP *2 MAX UNIT 


Oo 
aS 


—_ 


= 
» 


Vo =0.4V, Ta = 25°C 
Vo =5V, Ta = 25°C 
Vo =0, Ty = 25°C 
Vo=Voo: Ta = 25°C 


High-Impedance Output 
Current (DO) 


Common-Mode Input 
Range (See Note 1) 


On Channel =5V 


On-Channel Leakage Current Off Channel =0V 


(See Note 5) On Channel =0V 


| 
N 
=) 
Oo 
= | 
> 


= 
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ah 


Off Channel =5V 


| 


On Channel =5V 


Off-Channel Leakage Current Off Channel =0V 


a 
Ae) 
on 
cs 


4 
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(See Note 5) On Channel =0V 
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— Off Channel =5V 


Input Capacitance (Logic Inputs) Ta = 25°C 
Output Capacitance Ty =25°C 


*1 All parameters are measured under open-loop conditions with zero common-mode input voltage (unless otherwise specified). 

*2 All typical values are at T, = 25°C 

*3 Includes ladder current. 

NOTES: . 

1. For IN — more positive than IN +, the digital output code will be 0000 0000. Connected to each analog input are two on-chip diodes the will conduct 
forward current for analog input voltages one diode drop below ground or one diode drop above V,,,. Care must be taken during testing at low Vi, 
levels (4.5V) because high-level analog input (5V) can, especially at high temperatures, cause this input diode to conduct and cause errors for analog 
inputs that are near full-scale. As long as the analog input voltage does not exceed the supply voltage by more than 50 mV, the output code will be 
correct. To achieve an absolute 0-V to 5-V input voltage range requires a minimum V_,, of 4.950 volts for all variations of temperature and load. 

2. An internal zener diode is connected from the V,,. input to ground. The breakdown voltage of diode is approximately 7V. When the voltage regulator 
powers the converter, this diode ensures that the V,, input is less than the zener breakdown votage (6.4V). 
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Operating Characteristics: Vo, =5V, Fo. =250 KHz, t,=f;=20ns (unless otherwise specified) 


Supeivohage Varin ror fC 
[Total UnadustedEror ee Nowe 6) | Vet Forces eV | 


Propagation Delay MSB 
First 


Time, Clock = to 
Output Data (See LSB 
Note 4 First 
Output Disable Time From CS +¢ Ta ied oe BS none 125 250 
Tap=25°C 
Not Including Multiplexer 
T 
th; Data input Valid ofter CLK 
Rising Edge 


tsu, Data input Valid to CLK Edge 


NOTES: 
3. Total unadjusted error includes offset, full scale, linearity, and multiplexer errors. 
4. If the MSB from the comparator is used first in the successive-approximation loop, than an additional built-in delay will allow for comparator response 


C,=100 DF, Tap=25°C 


time. 
5. Leakage current is measured with the clock not switching. 


Parameter Measurement Data 


{ 

| 

| 

| | ! 

=—++— t, — Tpd 


| 
| 
| 
I 
soee| . DATA OUT V gies 
DATA !N é oe Ow 
ai X (DO) = a= om om of 


Figure 1. Data Input Timing Figure 2. Data Ouput Timing 
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ee ane = i. or ft, 
If 90% - | Foon 
50% ; 50% 10% 
je - — —GND i= — ——enp 
es toyz jo—at- terz , 
~7 7" Vou | cc 
DO au \ DO l 
neat ft en, eg GND — ——— GND 
Figure 3. tp,,7Voltage Waveforms Figure 4. tp, Voltage Waveforms 
1 2 3 4 5 6 7 8 9 10 11 13 14 15 16 17 18 19 20 21 


CLX 


sig. 1, i OUTPUT DATA» 


CS | 
| | ! 
START ODD/ | | 
BIT SIGN ' 


YY 


DATA IN (Dl) s yy 


oil ah ne line oe a ee he i td AI bith bd AA Pl fe LARA 


‘¢—— MSB FIRST DATA ——>—— LSB FIRST DATA —— 


I l 
DATA OUT (DO) ] 
HI-Z HI-Z 


7 6 5 4 3 2 10 1 2 3 4 5 6 7 
(MSB) (LSB) (MSB) 


Figure 5- GM0832 Timing Diagram 


UNADJUSTED OFFSET ERROR | LINEARITY ERROR 
VS VS 
REFERENCE VOLTAGE REFERENCE VOLTAGE 


Vog = 2mV 


| TTT 
oe EMT TTT 
A 


- Linearity Error —LSB 


Offset Error —LSB 
(oe) 
Al 


0.01 0 


Viet—Reference Voltage — V Viet Reference Voltage — V 
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SUPPLY CURRENT 
vs 
CLOCK FREQUENCY 


log — Supply Current — mA 


folock —- Clock Frequency — kHz 


MUX Addressing (5-Bit Shift Register) (See Note) 


Table 1. Single Ended Mux Mode 


MUX ADDRESS 
SGL/DIF ODD/SIGN 


1 0 
1 1 
Table 2. Differential Mux Mode 


MUX ADDRESS CHANNEL NO. 
a a 
_ + 


0 
1 


NOTE. Internally, Select 0 is low, Select 1 is high, COMMON is internally connected to ANLG GND. 


CHANNEL NO. 
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LINEARITY ERROR 
vs 
FREE-AIR TEMPERATURE 


LINEARITY ERROR 
vs 
CLOCK FREQUENCY 


0.50 r 
Viet =5V 
felock = 250 kHz 

ina) 

12] 

od 

| 

| uu 
> 0.25 2 
co G 
a a 

0 
- 100 10 100 200 300 400 500 600 
T, — Free-Air Temperature — °C folock — Clock Frequency — kHz 
SUPPLY CURRENT OUTPUT CURRENT 
vs vs 
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE 

< <x 
; i 
| —_— 
> =) 
2 = 
S 3 
r I 
8 = 


-75 -50 -25 


T, — Free-Air Temperature — ° 
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34%4-DIGIT LOW POWER A/D CONVERTER 


Features Pin Configuration 


e First-reading recovery from overrange gives 
immediate “OHMS” measurement 


; ; a= 40f OSC1 
e Guaranteed Zero reading for OV input Digg 2 3918 OSC2 
eT P ' : CiCl 3 38 ff) OSC3 
rue polarity at zero for precise null detection Bid 4 375 TEST 
¢ 1pA typical input current (UNITS) ) Far 8 ty See es 
e¢ True differential input and reference Beale ec 
e Direct LCD display drive-no external components ete a 
: B2C411 IN LO 
required . . (TENS) ) aoei2 GM7136 A-Z 
e Low noise—15yuVp-p without hysteresis or ae Hs BUFF 
overrange hangover : Dp3q15 " 
e On-chip clock and reference (100's) | Boty6 oe ee 
a et . E3 A;) (100' 
e Low power dissipation, guaranteed less than (1000) AB4E419 ea aca 
POL 21 BP 
1 mW (MINUS) 
Description 


The GM7136 is a high performance, very low power 3%-digit A/D converter. All the necessary active 
devices are contained on a single CMOS IC, including seven-segment decoders, display drivers, reference, 
and clock. GM7 136 is designed to interface with a liquid crystal display (LCD) and includes a backplane 
drive. The supply current is under 100,A, ideally suited for 9V battery operation. 

The GM7136 brings together an unprecedented combination of high accuracy, versatility, and true 
economy. High accuracy, like auto-zero to less than 10yV, zero drift of less than 1pV/°C, input bias cur- 
rent of 10pA max., and rollover error of less than one count. The versatility of true differential input and 
reference is useful in all systems, but gives the designer an uncommon advantage when measuring load 
cells, strain gauges and other bridge-type transducers. And finally the true economy of single power supply 
operation allows a high performance panel meter to be built with the addition of only 7 passive components 
and a display. 7 


Block Diagram 


Crer . 

C per R Caz Cit . PLANE 

Cree gREF HI REF LO¥ “Butter ® Vt Auto Zero INT i Wii A BACK 
ms 2 —— — =—OH- O— — — OE O— - Of ~~ On ns a oe 2 “t 
r 34] 36 35) 33 28 71 29 27 i 
y Inteqrator LCD PHASE DRIVER \ 
| AV UN, | TTT TTL TT ee | 
yf 7 Seqment <' 7 Seqment = 7 Seqment = 1 
L | @ acer @ [GU $e a | fed Cee bid | 
eg A-Z COMPARATOR LATCH 

N S : 
» F/F rl Tt PTT 
Fame fomno ff tens [oni | 
‘ : | 
Switch Drivers 
Z2 —— A yt 
e e d ic Control ! 
hei a te) FF 
Internal Digital Ground 1V =_J500Q TEST 

Vint © | 

YY 261 _ 

40 39 38 Ov 

<_—e om cameo ae cme ome eee eee oe eee ee ow ee ee ee oe +. 7 @ -_ e —_—em a a a eee ee ee ee ee ee ee 


OSC1 OSC2 OSC3 ‘Three Inverters. 
One inverter shown for clarity. 
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Absolute Maximum Ratings 


SUODIY VONAGE 10" TG VY) wariaacvsesewansd) nds tien sdapevcksee ea adanenatnsdetysneesscsiaceqacanmumanabeawawed ileleed tecmnaeracgaasinedaamrineneninatensendondinans 15V 
Analog Input Voltage (either input) (NOTES: 1) driccscascascesndeosgusdegeceeedsecias de bncbacdianuse encase biiats ress encoan en nesasivhareyaasacanenbinenaniet V+ to Vv 
Reference Input Voltage (either input) ..........ccccccccceccccccccceceeeeueceesececececceeceeecesceeeceeuaasssesassseseseeeeeeeeeees er re V* to V- 
[bi for st ae (cc 1) eee ean one eee me eel enter mrt ee EE Ona ee eT mee eee meena ern Ne eNnre Merete rT mene Ter artery treo TEST to V* 
Power Dissipation (Note 2) 

RSI PC scree ces acco ssa a ad ata sia ee Rae nde siete eg ts oe agree ede seas 1000mW 

PIBSUC POGKAGS: ic secisernasinecxncsenuccisexeeunahsaoby Sieur buceiaaubaucennenasindadsid Oita eeaubdabeisebemuiba iebsiesgemsorenauateaes sarees aeeaneans 800mW 
OC VO Ae saci otc fe cece ccscinte netted saan reece detec seems ano dant ay tans netansounnianmin eaurayeiam madonna bee nuehan O°C to + 70°C 
SHOTADE TEMIPSIAUUNS: wckrccacateoscaorteie mn adeasineceivecadedansartnunenadraseateaaaassioniad Makeameauniians an ate e cera ene haan -—65°C to + 160°C 
Lead Temperalure(SOlderind, GO SOE F esissvedcoss hesaceavesecicied Sau e2ie donc duasecaidiasaiesbedsnwlensuciuebi aidexderwiagiesiatnerteeleee 300°C 


Note 1: Input voltages may exceed the supply voltage, provided the input current is limited to + 100A. 
Note 2: Dissipation rating assumes device is mounted with all leads soldered to printed circuit board. 


Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the device. These are stress ratings 
only and functional operation of the device at these or any other conditions above those indicated in the operational sections of the 
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 


Electrical Characteristics (Note 3, 7) 


PARAMETER CONDITIONS UNITS 


Zero Input Reading ‘| Vin=0.0V —000.0 +000.0 +000.0 | Digital Reading 
Full-Scale =200.0mV . 


Ratiometric Reading Vin=Vrer, Vaer=100mV 999/1000 1000 Digital Reading 


Roll-Over Error (Difference in —Vin=+Vin=200.0mV +0.2 +1 Counts 
reading for equal positive and 
negative reading near fuil-scale) | 
Linearity (Max. deviation from Full-Scale=200mV | +0.02 +1 Counts 
best straight line fit) or Full-Scale=2.000V 

Common-Mode Rejection Ratio Vom=+1V, Vin=OV 

(Note 4) Full-Scale=200.0mV 

Noise (Pk-Pk value not exceeded Vin=OV, Full-Scale=200.0mV 15 

95% of time) 


Zero Reading Drift Vin=OV, O°CK<Ta<+70°C 


Scale Factor Temperature Vin=199.0mV, 0°C<Ta<+70°C 
Coefficient (Ext. Ref. Oppm/°C) 
Supply Current (Does not Vin=OV (Note 6) 
include COMMON current) 
Analog COMMON Voltage (With 250k between Common and 2.6 
respect to positive supply) Positive Supply 

4 


on 
2) 
5) 
= 
— 

° 
.?) 


Temp. Coeff. of Analog COMMON | 250k between Common and 
(With respect to positive supply) Positive Supply 

Pk-Pk Segment Drive Voltage V* to V=9V 

(Note 5) 


Pk-Pk Backplane Drive Voltage V* to V=9V 
(Note 5) 


Power Dissipation Capacitance vs Clock Frequency 


Note 3: Unless otherwise noted, specifications apply at Ta=25°C, foingk = 16KHz and are tested in the circuit of Figure 1. 

Note 4: Refer to “Differential Input” discussion. 

Note 5: Backplane drive is in phase with segment drive for ‘off’ segment, 180° out of phase for “on” segment. Frequency is 20 times conversion rate. 
Average DC component is less than 50mvV. 

Note 6: 48kHz oscillator, Figure 2, icreases current by 20pA (typ). 

Note 7: Extra capacitance of CERDIP package changes oscillator resistor value to 470k or 150k (1 reading/sec or 3 readings/sec). 
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Test Circuits 


GM7 136 


Fig. 1. Clock Frequency 16kHz (1 reading/sec) 


Typical Applications 


The GM7 136 may be used in a wide variety of configura- 
tions. The circuits which follow show some of the 
possibilities, and serve to illustrate the exceptional versatility 
of these A/D converters. 


1. Using the Internal Reference. Values shown are for 
200.OmvV full-scale, 3 readings/sec, floating supply 
voltage (9V battery). 


- TO DISPLAY 


TO BACKPLANE 


Fig. 3. 


GM7 136 


Fig. 2. Clock Frequency 48kHz (3 readings/sec) 


. External Band-Gap Reference (1.2V Type). IN LO is 


tied to COMMON, thus establishing the correct 
common-mode voltage. COMMON acts as a pre- 
regulator for the reference. Values shown are for 1 
reading/sec. 


40 To pin 1 
— osci 0 
OSC2 Set Vref= 
osc3 106mV 
TEST SOpF ra 
REF LOG OV" 


C3 TO DISPLAY 


BPI TO BACKPLANE .- 


Fig. 4. 
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Typical Applications (Continued) 


3. Recommended Component Values for 2.000V Full- 
Scale, 3, Readings/Sec. For 1 reading/sec, change 
Cint, Rosc to values of Fig. 5. 


TO BACKPLANE 


in pin 4 
OkQ 
~ osc 7 
ee = Set Vref=1V 
TESTP ~—550pF of 
a 
REF LOL Ov" 
C REF 0.1 pF 250kQ 240kQ 
C REF 
COMIN Hl —— 0.01 pF wr on 
ae = oT oF 
BUFF = 1.8MQ 
NT heap 5 
@, 
a 
re = TO DISPLAY 
G, 
a 
2 


ele 


Fig. 5. 


5. Operated from Single +5V Supply. An external 
reference must be used in this application, since the 
voltage between V* and V°~ is insufficient for correct 
operation of the internal reference. 


osc3 
TEST[ = 50pF ra 

100kQ 
O+5V 


1BQk2 
Go =a 
TO DISPLAY 


TO BACKPLANE 


Fig. 7. 


4. Zener Diode Reference. Since low TC zeners have 
breakdown voltages —6.8V, diode must be placed 
across the total supply (1 OV). As in the case of Fig. 6. 
IN LO may be tied to COMMON. 


TO DISPLAY 


TO BACKPLANE 


Fig. 6. 


6. Measuring Ratiometric Values of Quad Load Cell. The 
resistor values within the bridge are determined by the 
desired sensitivity. 


DISPLAY 
G- LL 
BPs TO 
2 BACKPLANE 


= 


* Values deperid on clock frequency. See figures 3,4,5. 


Fig. 8. 
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7. Digital Centigrade Thermometer. A silicon diode- 
connected transistor has a temperature coefficient of 


'0SCc1/7 
about —2mV/°C. Calibration is achieved by placing the aes = a w— - factor 
: : a : : adjus 
sensing transistor in ice water and adjusting the zero- TESTO 50pF 
| REF HIE} roy 1MQ 


ing potentiometer for a 000.0 reading. The sensor REF LOP_————paneV) 

should then be placed in boiling water and the scale- c ee Earn] 2000 470K | C 

factor potentiometer adjusted for a 100.0 reading. aici — Rae rer! aa a= 
IN LOL 0.01 pF Zero Adjust MPS 3704 


0.47 pF 
-/7 LH! 
A-Z  380kQ 


BUFF [] == OY 


To pin 1 
40 P 


1 ye 


= 
AD TO DISPLAY 


BP a TO BACKPLANE 


Fig. 9. 


8. Circuit for Developing Underrange and Overrange 
Signals from GM7136 Outputs. 


To logic 
Vec 
To logic 
GND 
ee V-ELEO V 
O/Range 
U/Range 
CD4023 
or 74010 ©D4077 
Fig. 10. 


9. AC to DC Converter with GM7 136. Test is used as a common-mode reference level to ensure compatibility with 
most op amps. 


Scale factor adjust 
(Vref=100mV for AC to RMS) 


100pF (for optimum bandwidth) 


A. TO DISPLAY 

Gf 

Be TO BACKPLANE 
2 


Fig. 11. 
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Detailed Description—Analog Section 
CONVERSION CYCLE 


Figure 12 shows the Block Diagram of the Analog Section for the 
GM7136. Each measurement cycle is divided into four phases. 
They are 1) auto-zero (A-Z), 2) signal integrate (INT), 3) de- 
integrate (DE) and 4) zero integrator (Zl). 


1. Auto-Zero Phase 


During auto-zero three things happen. First, input high and low are 
disconnected from the pins and internally shorted to analog COM- 
MON. Second, the reference capacitor is charged to the reference 
voltage. Third, a feedback loop is closed around the system to 
charge the auto-zero capacitor, Caz, to compensate for offset 
voltages in the buffer amplifier, integrator, and comparator. Since 
the comparator is included in the loop, the A-Z accuracy is limited 
only by the noise of the system. In any case, the offset referred 
to the input is less than 10yV. 


2. Singal Integrate Phase 


During signal integrate, the auto-zero loop is opened, the internal 
short is removed, and the internal input high and low are connected 
to the external pins. The converter then integrates the differential 
voltage between IN HI and IN LO for a fixed time. This differential 
voltage can be within a wide common-mode range; within 1V of 
either supply. If, on the other hana, the input signal has no return 
with respect to the converter power supply, IN LO can be tied to 
analog COMMON to establish the correct common-mode voltage. 
At the end of this phase, the polarity of the integrated signal is 
determined. 


3. De-Integrate Phase 


The next phase is de-integrate, or reference integrate. Input low 
is internally connected to analog COMMON and input high is con- 
nected across the previously charged reference capacitor. Circuitry 
within the chip ensures that the capacitor will be connected with 
the correct polarity to cause the integrator output to return to zero. 
The time required for the output to return to zero is proportional 
to the input signal. Specifically, the digital reading displayed is 1000 
(Vin/Vrer). | 


GM7136 


4. Zero Integrator Phase 


The final phase is. zero integrator. First, input low is shorted to 
analog COMMON. Second, the reference capacitor is charged to 
the reference voltage. Finally, a feedback loop is closed around 
the system to input high to cause the integrator output to return 
to zero. Under normal conditions, this phase lasts for between 11 
to 140 clock pulses, but after a “Heavy” overrange conversion, 
it is extended to 740 clock pulses. 


5. Differential Input 


The input can accept differential voltages anywhere within the 
common-mode range of the input amplifier; or specifically from 
0.5V below the positive supply to 1.0V above the negative supp- 
ly. In this range the system has a CMRR of 86aB typical. However, 
since the integrator also swings with the common-mode voltage, 
care must be exercised to assure the integrator output does not 
saturate. A worst case condition would be a large positive common- 
mode voltage with a near full-scale negative differential input 
voltage. The negative input signal drives the integrator positive 
when most of its swing has been used up by the positive common- 
mode voltage. For these critical applications the integrator swing 
can be reduced to less than the recommended 2V full-scale swing 
with little loss of accuracy. The integrator output can swing within 
0.3V of either supply without loss of linearity. 


6. Differential Reference 


The reference voltage can be generated anywhere within the power 
supply voltage of the converter. The main source of common-mode 
error is a roll-over voltage caused by the reference capacitance 
losing or gaining charge to stray capacity on its nodes. If there 
is a large common-mode voltage, the reference capacitor can gain 
charge (increase voltage) when called up to de-integrate a positive 
signal but lose charge (decrease voltage) when called up to de- 
integrate a negative input signal. This difference in reference for 
(+) or (—) input voltage will give a roll-over error. However, by 
selecting the reference capacitor large enough in comparison to 
the stray capacitance, this error can be held to less than 0.5 count 
for the worst case condition (see Component Values Selection). 


Crer Ani Cx oe 
: REF + Auto 

cals her Gd REF LO}. BUFFER _ &Zeo_ AIT 

Fas 34 [36 35733 26 OS acters} ar 

Iv rg ATOR 

| 04 Ke) a > cross! 

Re DETECTORI 

ipa IG A-Z& AZ& Soy 2 VeY 

~) 71 62) COMPARATOR DIGITAL 

INT Z1 

Tic ss A-Z SOL AEIY SECTION 

IN HI Y ey ey FLIP/FLOP 


Fig. 12. Analog Section of GM7136 
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7. Analog Common. 


This pin is included primarily to set the common- meds voltage for 
battery operation or for any system where the input signals are 
floating with respect to the power supply. The COMMON pin sets 
a voltage that is approximately 3.0V more negative than the positive 
supply. This is selected to give a minimum end-of-life battery 
voltage of about 6V. However, analog COMMON has some of the 
attributes of a reference voltage. When the total supply voltage 
is large enough to cause the zener to regulate (>7V), the COM- 
MON voltage will have a low voltage coefficient (0.001 %/%), low 
output impedance (~35Q), and a temperature coefficient aca 
ly less than 80ppm/°C. 


The limitations of the on-chip reference should also be recogniz- 
ed, however. The reference temperature coefficient (TC) can 
cause some degradation in performance. Temperature changes 
of 2°C to 8°C, typical for instruments, can give a scale factor er- 
ror of acount or more. Also, the COMMON voltage will have a poor 
voltage coefficient when the total supply voltage is less than that 
 vhich will cause the zener to regulate (<7V). These problems are 
eliminated if an external reference is used, as shown in Figure 13. 


Vr 


26 8 VOLT 
ZENER 


cE 


1.2 VOLT 
REFERENCE 


\V- 


Fig. 13. Using an External Reference 


Analog COMMON is also used as the input low return during auto- 
zero and de-integrate. If IN LO is different from analog COMMON, 
a common-mode voltage exists in the system and is taken care 
of by the excellent CMRR of the converter. However, in some ap- 
plications IN LO will be set at a fixed known voltage (power supply 
common for instance). In this application, analog COMMON should 
be tied to the same point, thus removing the common-mode voltage 
from the converter. The same holds true for the reference voltage. 
If the reference can be conveniently referred to analog COMMON, 
it should be since this removes the common-mode voltage from 
the reference system. 

Within the IC, analog COMMON is tied to an N channel FET which 
can sink 100,A or more of current to hold the voltage 3.0V below 
the positive supply (when a load is trying to pull the common line 
positive). However, there is only 1 vA of source current, ‘so COM- 
MON may easily be tied to a more negative voltage, thus overriding 
the internal reference. 


8. Test 


The TEST pin serves two functions. It is coupled to the internally _ 


generated digital supply through a 500 resistor. Thus, it can be 
used as the negative supply for external segment drivers such as 
for decimal points or any other presentation the user may want to 
include on the LCD display. Figures 5 and 6 show such an ap- 
plication. No more than a 1mA load should be applied. 

The second function is a “lamp test.’’ When TEST is pulled high 
(to V*) all segments will be turned on and the display should read 
— 1888. The TEST pin will sink about 10mA under these con- 
ditions. 

Caution: In the lamp test mode, the segments have.a constant DC 


1Mea 


TO LCD 
DECIMAL POINT 


TO LCD 
BACKPLANE 


Fig. 14. Simple Inverter for Fixed Decimal Point 


TO LCD 
DECIMAL 
POINTS 


DECIMAL 


POINT 
SELECT 


Fig. 15. Exclusive ‘‘OR’’ Gate for Decimal Point Drive 


voltage (no square-wave). This may burn the LCD display if main- 
tained for extended periods. 


Detailed Description—Digital Section 


Figure 16 shows the digital section for the GM7136. An internal 
digital ground is generated from a 6V Zener diode and a large P 
channel source follower. This supply is made stiff to absorb the 
relatively large capacitive currents when the backplane (BP) voltage 
is switched. The BP frequency is the clock frequency divided by 
800. For three readings/second this is a 60Hz square-wave with 
a nominal amplitude of 5V. The segments are driven at the same 
frequency and amplitude are in phase with BP when OFF, but out 
of phase when ON. In all cases negligible DC voltage exists across 
the segments. The polarity indication is “ON” for negative analog 
inputs. If IN LO and IN HI are reversed, this indication can be revers- 
ed also, if desired. 


SYSTEM TIMING 


Figure 17 shows the clock oscillator provided in the GM7136. 
Three basic clocking arrangements can be used: 

1. An external oscillator connected to pin 40. 

2. Acrystal between pins 39 and 40. 

3. An RC oscillator using all three pins. 

The oscillator frequency is divided by four before it clocks the 
decade counters. It is then further divided to form the four convert- 
cycle phases. These are signal integrate (1000 counts), reference 
de-integrate (0 counts to 2000 counts), zero integrator (11 counts 
to 140 counts*) and auto-zero (910 counts to 2900 counts). For 
signals less than full-scale, auto-zero gets the unused portion of 
reference de-integrate and zero integrator. This makes a complete 
measure cycle of 4000 (16,000 clock pulses) independent of in- 
put voltage. For three readings/second, an oscillator frequency of 
48kHz would be used. 


‘) After an overanged canversion of more than 2060 counts, the 
zero integrator prase will last 740 counts, and auto-zero will last 
260 counts. 


RRO GS PROTEASES TEL ESSTS, EES TS ATONE IIE SE a ATE STE ETI ILIE GI EE SELES LANL DELLE LD DRE AOE EET IEEE EEE LEE LEE ELE ELODIE LEE LEDGE ELLE ELEC EDEL LEP L LE LENE LEE LE LEE LLANELLI OLE PILL LDA, 
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Display Font 


0123456789 


Typical Segment Output 


Internal Digital Ground 


CLOCK 


ae 


* Three inverters. 
One inverter shown for clarity 
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Figure 16. Digital Section 


Component Value Selection 


External 
Oscillator 


RC Network 


Test 


Figure 17. Clock Circuit 


To achieve maximum rejection of 60Hz pickup, the signal integrate 
cycle should be a multiple of the 60Hz period. Oscillator frequen- 
cies of 48kHz, 40kHz, 33%kHz, etc. should be selected. For 50Hz 
rejection, oscillator frequencies of 66%kHz, 50kHz, 40kHZz, etc. 
would be suitable. Note that 40kHz (2.5 readings/second) will re- 
ject both 50Hz and 60Hz (also 400Hz and 440Hz). 


INTEGRATING CAPACITOR 


Both the buffer amplifier and the integrator have a class A output 
stage with 6uA of quiescent current. They can supply ~1pA of 
drive current with negligible non-linearity. The integrating resistor 
should be large enough to remain in this very linear region over 
the input voltage range, but small enough that undue leakage re- 
quirements are not placed on the PC board. For 2V full-scale, 
1.8MQ is near optimum, and similarly 180k for a 200.OmV scale. 


INTEGRATING CAPACITOR 


The integrating capacitor should be selected to give the maximum 
voltage swing that ensures tolerance build-up will not saturate the 
integrator swing (approx. O.3V from either supply). When the 
analog COMMON is used as a reference, a nominal + 2V full-scale 
integrator swing is fine. For three readings/second (48kHz clock) 
nominal values for Cjyrt are 0.047pF, for 1 reading/secod (16kHz) 
0.15uF. Of course, if different oscillator frequencies are used, 
these values should be changed in inverse proportion to maintain 
the same output swing. The integrating capacitor should have low 


dielectric absorption to prevent roll-over erros. While other types 


may be adequate for this application, polypropylene capa— 
citors give undetectable errors at reasonable cost. 
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GL574 
VOLTAGE STABLIZER 
FOR ELECTRONIC TUNE 


Description Package Dimensions 


* (Unit: mm) 


The GL574 is a monolithic integrated voltage stabilizer 
especially designed as voltage supplier for varactor diode. 


Features 


e Low temperature coefficient 
e Low dynamic resistance 
e Typical reference voitage of 33V 


Absolute Maximum Ratings (T, = 25°C) 


Zener Current 10 mA 

Power Dissipation 200 (Ta=75°C) mW 

Operating Ambient —20 to +75 a 

Temperature Range Pin Connection 

Storage Temperature Range —-40to +125 °C 1. Anode 
ee a ne 2. Cathode 

* All Values Indicate Maximum Values 

Schematic Diagram Electrical Characteristics (T, = 25°C) 


PARAMETER |SYMBOL MIN. | TYP. | max.| UNIT. | TEST CONDITIONS 


Stabilized Voltage lIj=5 mA 
AV,/AT |—-1.0 1.0 |mv/°C 
Temperature Drift po [10 T,=—20 to +75°C 


Dynamic Resistance 
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Typical Performance Curves 


Figure 1 - Power Dissipation vs. Figure 2 - Dynamic Resistance vs. 
Ambient Temperature Zener Current 


FREE AIR | 


Po—ALLOWABLE DISSIPATION—mW 
rz—DYNAMIC RESISTANCE—® 


T,—AMBIENT TEMPERATURE-—-°C l-—ZENER CURRENT—mA 
Figure 3 - Stabilized Voltage Temperature Figure 4 - Stabilized Voltage Variation 
Drift vs. Zener Current vs. Time 


TURE DRIFT—mv/°C 


= [es gma FRE a: 

- XY-RECODER|__ sma 

= oe 
Eee, et tf 


0 5 1015 203040501 5 10 20 30 
lz—ZENER CURRENT—mA Sec. T Time min. 


AV2/AT—STABILIZED VOLTAGE TEMPERA- 
AV7—STABILIZED VOLTAGE VARIATION—mv 
oO 


Figure 5 - Stabilized Voltage Variation 
& Supply Voltage Variation 
vs. Zener Current 


AV2=V2(l2)—Vz (5) | 
Ta=—20°C --— 


(AVz/Vz) X 100—STABILIZED VOLTAGE VARIATION—% 
AV,—SUPPLY VOLTAGE VARIATION—V 


l-—-ZENER CURRENT—mA 
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Measuring Circuits 


i 


Measuring Circuit for Stabilized Voltage V, 


lp=5mA 


Measuring Circuit for Dynamic Resistance rz 


lz — o> 


Typical Application 


Channel setting 
Variable resistor 


in case of Y<, ON 


* to tuning diodes (VARACTOR) 
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GL710 
EARTH LEAKAGE 
CURRENT DETECTOR 


Description Pin Configuration 
. ; . _ (Top View) 
The GL7101 is designed for use in earth leakage circuit 


interrupters for operation directly off the AC Line in 
breakers. 

It contains pre regulator, main regulator, after regulator, 
differential amplifier, level comparator, latch circuit. The in- 
put in the differential amplifier is connect to the secondary : 
node of zero current transformer. J GL7101 
The level comparator generates high level when earth 
leakage current is greater than some level. 


Feature Absolute Maximum Ratings (T,=25°C) 
e Low Power Consumption (Pp) =5mW) 100V/200V a ne a ee a a a ee 
¢ 100V/200V Common Built-in Voltage Regulator Supply Voltage 20 V 
e High Gain Differential Amplifier Supply Current 8 mA 
¢ High Input Sensitivity Power Dissipation 200 mw 
e Minimum External Parts Operating Temperature =30'10'65 as @: 
e Large Surge Margin Storage Temperature —55 to 125 mG 
e Wide Operating Temperature Range (T, = — 30 to 

85°C) 


e High Noise Immunity 


Block Diagram 


Voltage Regulator 
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Recomended Operating Condition: T,=—30°C to 80°C 


PARAMETER 


Supply Voltage 


Electrical Characteristics 


TEMP. 
PARAMETER SYMBOL CONDITIONS (°C 
Supply Current 1 


*Trip Voltage Vt=16V, Va-Vi=X 7: fo [138] 18 Vins 
Differential Amplifier V*=16V, Vp-V,=SOmV 
Output Current 1 TD1 Vop=1.2V 20. 112 —30| pA 


Differential Amplifier l V*=16V, V_-V, short 
Output current 2 ane Vop=0.8V 


Sc On Voltage Vgc ON | V*=16V 
Sc Input Current Vt=12V 


Output “L” Current V*=12V, Vog.=0.2V 7 
Input Clamp Voltage Vt=12V, lo=20mA 
Differential Input Clamp | v linn=100mA 
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* A: 912.5 B: 11.5%15.5 C: 14.5418 


| GL7101 


Typical Performance Curves 


VOLTAE-SUPPLY VOLTAGE cai “onion 


s 2 
8 : 
> 

Wy 3 
= 
J Q. 
S * 
” 

8 10 12 14 16 18 20 0) 5 10 15 20 25 30 

SUPPLY VOLTAGE v* (V) SUPPLY VOLTAGE V* (V) 
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VOLTAGE aoe 


REFEREINCE VOLTAGE Vp (V) 
BIAS CURRENT |, nA 


O 
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Test Circuit 


GL7101 
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GL7101 


ae nn 


Typical Application 


TRIP COIL 
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GM6845S 
CRTC (CRT Controller) 


Description Pin Configuration 


The CRTC is aLSI controller which is designed to provide 
an interface for microcomputers to raster scan type CRT 
displays. Its primary function is to generate timing signal 
which is necessary for raster scan type CRT display ac- 
cording to the specification programmed by MPU. The 
CRTC is also designed as a programmable controller, so 
applicable to wide-range CRT display from small low- 
functioning character display up to raster type full graphic 
display as well as large high-functioning limited graphic 
display. 

GM68B45S 


Feature 


¢ Number of displayed characters on the screen, 
vertical dot format of one character, horizontal 
and vertical sync signal, disply timing signal are 
programmable 

e 3.7 MHz high speed display operation 

e Line buffer-less refreshing 

e 14-bit refresh memory address output (16K words 
max. Access) 

e¢ Programmable interlace/ non-interlace scan mode _— Block Diagram 

e Built-in cursor control function 

e Programmable cursor height and its blink 


(Top View) 


e Built-in light pen detection function 
. ‘ ace Address Bus 
e Paging and scrolling capability A, ~ A, 
* TTL compatible =z; | seus 
e Single +5V power supply : Dy ~ D, 
IRQ Driv 
er 
6 Dot x Refresh 
Device Classification © || Inter 
CRTS Bus Timing ae ulepiy : 
Timing aa 95 
oc 
GM6845S = ve [car] 
GM68A45S 3.7 MHz max. coe” =| ene go a 
GM68B45S 


Light 
LPSTS Es Pen 
Fa 
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Absolute Maximum Ratings 


* With respect to Vsg (SYSTEM GND) ) 
[NOTE] Permanent LSI damage may occur if maximum ratings are exceeded. Normal operation should be under recom- 
mended operating conditions. If these conditions are exceeded, it could affect reliability of LSI. 


Recommended Operating Conditions 


SYMBOL PARAMETER 
Supply Voltage 


* With respect to Vog (SYSTEM GND) 


Electrical Characteristics 
DC Characteristics (Voc=5V+5%, Vgg=OV, Ta=—20%+75°C, unless otherwise noted.) 


PARAMTER 

Input “High” Voltage 

Vit Input “Low” Voitage 
=0~5.25V (Except DpvD7) 


Three-State Input Current | Vi;\y=0.4~2.4V 
(off-state) Voc=5.25V (DoD7) 


lloan= — 205yA (DoD7) 
lLoap= — 100A (Other Outputs) 
Output “Low” Voltage lLloap= 1-6mA 


rN | Dowdy 
Cin Input Capacitance Th=25°C DoD, 
f=1.0 MHz Other Inputs 
Output Capacitance Vin=OV, Ty=25°C, f=1.0 MHz 


Output “High” Voltage 
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AC Characteristics (Vo¢=5V45%, Vsg=OV, Ta=—20~%+75°C, unless otherwise noted.) 
1. Timing of CRTC Signal 


NO 

NJ 

oe) 
— 
< 
UV 


—_b 
©) 
O 
a) 
an 


Clock Cycle Time 


Clock “High” Pulse Width 
Clock “Low” Pulse Width - 


Light Pen Strobe 


Uncertain Time of Acceptance 


9 = 

(e) x< 

Cc 

Z 
— 


anh, 
o) 
oO 


8 8 
ony; Oo 
O;}O 


N | NO 
os] on} © 


2. MPU Read Timing 


SYMBOL PARAMETER TEST CONDITION MIN | TYP | MAX | UNIT 


Enable “High” Pulse Width 
Enable “Low” Pulse Width 
toon | Date Dey Time 


ololo 
ak, | ok N NO] NO |] PO 
O;oO (je) — |} PhO} P 


3. MPU Write Timing 


_ SYMBOL PARAMETER TEST CONDITION | MIN | TYP. | 


ie 

Enable “High” Pulse Width 022] — | — | yas | 

Enable “Low’ Pulse Width oat | ~ |= T ws | 

Enable Rise and Fall Time Fig. 4 | —| — | 25 | ns | 

ems) =| 

| 6o| — | ~ [ons 
: i p= |= | rs | 
TAH a | ons 


ity | Data Hold Time 
ae Address Hold Time 
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teyec 
2.0V 2.0V PWeL 
0.8V 0.8V 0.8V 
CLK PWen 
ter ter 
2.4V 
0.4V 
MA,~MA,, 
tmMaD tMAD 
2.4V 
0.4V 
RA,~RA, 
tRaD tRAD 
0.4V 
DISPTMG 
toTo 
0.4V 
CUDISP 
tcpo 
2.4V 
0.4V 
HSYNC" 
VSYNC 
tHSD tHsD 
tvsp tyso 
2.0V 2.0V 
PWiePeH 


This Figures shows the relation in time between 
CLK signal and each output signals. Output 
sequence is shown in Figs. 1015. 


Figure 1. Time Chart of the CRTC 
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"LPD2 tLeo1 


; 0.8V 
CLK 0.8V 


LPSTB 0.8V Ne 


- = 


/ When LPSTB rises in this period, 
Refresh Memory Address “m2 
is set into the !ight pen registers. 


tLPp1.tLpp2 : LPSTB’s uncertain time of acceptance. 


Figure 2. LPSTB Input Timing & Refresh Memory Address that is set into the light pen registers. 


0.8V 
E 
CS 
R/W, RS 
tan 
tacc eo 
2.4V 2.4V 
D, ~D, ( } 
0.4V 0.4V 


Figure 3. Read Sequence 
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tas 


E 
cs _* 
R/W 2.0V 
RS (Address 
Register) 
0.8V 
RS 


(Control Registers) 


GM6845S 


0.8V 


Figure 4. Write Sequence 


5.0V 


R (> 2.4k2 


Test Point 


C= 130pF (D°~D’) 

= 30pF (Output Signals except D°~D’) 
R= 11kQ (D°~D’) 

= 24kQ2 (Output signal except D°~D’; 


Figure 5. Test Loads 


SYSTEM DESCIRPTION 

The CRTC is a LSI which is connected with MPU and 
CRT display device to control CRT display. The CRTC con- 
sists of internal register group, horizontal and vertical tim- 
ing circuits, linear address generator, cursor control circuit, 
and light pen detection circuit. Horizontal and vertical tim- 
ing circuit generate RAg~RA,, DISPTMG, HSYNC, and 
VSYNC. RA p~RA, are raster address signals and used as 
input signals are received by video control circuit. This 
horizontal and vertical timing circuit consists of internal 
counter and comparator circuit. Linear address generator 


generates refresh memory address MAp~MA, 3 to be us- 
ed for refreshing the screen. By these address signals, 
refresh memory is accessed periodically. As 14 refresh 
memory address signals are prepared, 16K words max are 
accessible. Moreover, the use of start address register 
enables paging and scrolling. Light pen detection circuit 
detects light pen position on the screen. When light pen 
strobe signal is received, light pen register memorizes linear — 
address generated by linear address generator in orde to 
memorize where light pen is on the screen. Cursor control 
circuit controls the position of cursor, its height, and its blink. 


nS 
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Db, *O 


O 


Voce Ves ES R/W E CS RS 


<a a <2 


Address Register 
& R/W Control 


i 
Horizontal! Displayed 
Register 
Horizontal Total 
Register 
! 


Horizontal Sync 
SH} [M potent, = 
| HSYNC 
CE MR a nal Syne 
Width Register 


Width Counter 


CK Horizontal i) CMP TT 


Vertical Displayed 
E | Register 
aes : 
Vertical Total 
Register 
i ¥ 
i oe Vertical Total Adjust 
Register 
R7 Vertical Sync 
Position Register 
R12] Start Address 
R13] Registers 
10 Cursor Start 


Cursor Skew 
Control ican! CUDISP 
Se Cursor End 
Raster Register 


DISPTMG 


Linear Address 
Generator 


VSYNC 


Interlace 
Control 


interlace & Skew 
Register 
R16] Light Pen 
| iol Regus P| 


MA ,~MA,,; 


Figure 6. Internal Block Diagram of the CRTC 
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m FUNCTION OF SIGNAL LINE 


The CRTC provides 13 interface signals to MPU and 
25 interface signals to CRT display. 


e Interface Signals to MPU 
Bi-directional Data Bus (D,~D7) 


Bi-directional data bus (Dp~D7) are used for data 
transfer between the CRTC and MPU. The data bus out- 
puts are 3-state buffers and remain in the high-impedance 
state except when MPU performs a CRTC read operation. 


Read/Write (R/W) 

Read/Write signal (R/W) controls the direction of data 
transfer between the CRTC and MPU. When R/W is at 
“High” level, data of CRTC is transfered to MPU. When 
R/W is at “Low” level, data of MPU is transfered to CRTC. 


Chip Select (CS) 

Chip Select signal (CS) is used to address the CRTC. 
When CS is at “Low” level, it enables Read/Write opera- 
tion to CRTC internal registers. Normally this signal is deriv- 
ed from decoded address signal of MPU under the condition 
that VMA of MPU is at “High” levle. 


Register Select (RS) 

Register Select signal (RS) is used to select the address 
register and 18 control registers of the CRTC. When RS 
is at “Low” levle, the address register is selected and when 
RS is at ‘High’ level, control registers are selected. This 
signal is normally a derivative of the lowest bit (AO) of MPU 
address bus. 


Enable(E) 

Enable signal (E) is used as strobe signal in MPU 
Read/Write operation with the CRTC internal registers. This 
signal is normally a derivative of the processor MPU clock. 


Reset (RES) 
Reset sginal (RES) is an input signal used to reset the 
CRTC. 
When RES is at ‘‘Low” level, it forces the CRTC into 
the following stauts. 
1) All the counters in the CRTC are cleared and the 
device stops the display operation. 
2) All the outputs go down to “Low” level. 
3) Control registers in the CRTC are not affected and 
remain unchanged. 
This signal is different from other HMCS6800" parts in the 
following functions and has restrictions for usage. 
1) RES has capability of reset function only whe LPSTB 
is at ‘“Low”’ level. 
2) The CRTC starts the display operation immediately 
after RES Goes “High”’ level. 


e Interface Signals to CRT Display Device 
Character Clock (CLK) 


CLK is a standard clock input signal which defines 
character timing for the CRTC display operation, CLK is nor- 
mally derived from the external high-speed dot timing logic. 


Horizontal Sync (HSYNC) 
HSYNC is an active ‘‘High” level signal which provides 
horizontal synchronization for display device. 


Vertical Sync (VSYNC) 

VSYNC is an active “High” level signal which provides 
vertical synchronization for disply device. 
Display Timing (DISPTMG) 

DISPTMG is an active “High” level signal which defines 
the display period in horizontal and vertical raster scann- 
ing. It is necessary to enable video signal only when 
DISPTMG is at “High” level. 


Refresh Memory Address (MA,~MA,,) 

MA,~MA,3 are refresh memory address signals which 
are used to access to refresh memory in order to refresh 
the CRT screen periodically. These outputs enables 16k 
words max. refresh memory access. So, for intance, these 
are applicable up to 2000 characters/screen and 8-page 
system. 


Raster Address (RA,~RA,) 

RAo~RA, are raster address signals which are used 
to select the raster of the character generator or graphic — 
pattern generator etc. 


Cursor Display (CUDISP) 

CUDISP is an active “High” level video signal which 
is used to display the cursor on the CRT screen. This out- 
put is inhibited while DISPTMG is at “Low” level. Normally 
this output is mixed with video signal and provided to the 
CRT display device. 


Light Pen Strobe (LPSTB) 

LPSTB is an active ‘High’ level input signal which ac- 
cepts strobe pulse detected by the light pen and control 
circuit. When this signal is activated the refresh memory 
address (MAj~MA,3) which are shown in Fig. 2 are 
stored in the 14-bit light pen register. The stored refresh 
memory address need to be corrected in software, taking 
the delay time of the display device, light pen, and light pen 
control circuits into account. 


a 
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Table 1 Internal Registers Assignment 


REGISTER DESCRIPTION 
i ro MaRVRen 


'@ 9 © 0 0 0 ale 0 0 0 0 0 gb 0 6 0 0 6 fee 2 0 6 0G 6 0 6.0.0.0.8) 
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e[r[eoreo] mea rom li Se 
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Maximum Raster 
Address Raster 


1 OO: 1:0 R10 | Cursor Start Raster | Raster 
Raster 
1;01100 R12 | stat Address(H) 
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(NOTE) 1. The Registers marked *: (Written Value) = (Specified Value) — 1 
2. Written Value of RQ is mentioned below. 
1) Non-interlace Mode 
Interlace Sync Mode 
2) Interlace Sync } 
Video Mode 
3. CO and C1 specify skew of CUDISP. 
DO and D1 specify skew of DISPTMG. 
When S is “1”, V specifies video mode. S specifies the Interlace Sync Mode. 
4. B specifies the cursor blink. P specifies the cursor blink period. 
5. .wvO~wvs specify the pulse width of Vertical Sync Signal. 
whO~wh3 specify the pulse width of Horizontal Sync Singla. 
6. RO is ordinally programmed to be odd number in interlace mode. 
7. 0: Yes, x: No 


eee ee 
OOO 
On 
OOO) 
‘ere. 
oo 


\ (Written Value) = (Specified Value) — 1 


(Written Value) = (Specified Value) — 2 
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@ FUNCTION OF INTERNAL REGISTERS 


e Address Register (AR) 

This is a 5-bit register used to select 18 internal con- 
trol registers (Rp~R,7). Its contents are the address of 
one of 18 internal control registers. Programming the data 
from 18 to 31 produces no results. Access to RoR,7 re- 
quires, first of all to write the address of corresponding con- 
trol register into this write the address of corresponding 
control register into this register. When RS and CS and at 
“Low”’ level, this register is selected. 


e Horizontal Total Register (RO) 

This is a register used to program total number of 
horizontal characters per line including the retrace period. 
The data is 8-bit and its value should be programmed ac- 
cording to the specification of the CRT. When M is total 
number of characters, M-1 shall be programmed to this 
register. When programming for interlace mode, M must 
be even. 


e Horizontal Displayed Register (R1) 

This is a register used to program the number of horizon- 
tal displayed characters per line. Data is 8-bit and any 
number that is smaller than that of horizontal total characters 
can be programmed. 


e Horizontal Sync Position Register (R2) 

This is a register used to program horizontal sync posi- 
tion as multiples of the character clock period. Data is 8-bit 
and any number that is lower than the horizontal total 
number can be programmed. When H is character number 

of horizontal Sync Position, H-1 shall be programmed to 
this register. When programmed value of this register is in- 
creased, the display poition on the CRT screen is shifted 
to the left. When programmed value is decreased, the posi- 
tion is shifted to the right. Therefore, the optimum horozontal 
position can be determined by this value. 


e Sync Width Register (R3) 

This is a register used to program the horizontal sync 
pulse width and the vertical sync pulse width. The horizontal 
sync pulse width is programmed in the lower 4-bit as 

multiples of the character clock period. ‘‘O” can’t be pro- 

grammed. The vertical sync pulse width is programmed in 
higher 4-bit as multiples of the raster period. When ‘‘O”’ is 
programmed in higher 4-bit, 16 raster period (16H) is 
specified. 


e Vertical Total Register (R4) 

This is a register used to program total number of lines 
per frame including vertical retrace period. The data is within 
7 -bit and its value should be programmed according to the 
specifiecation of the CRTC. When N is total number of lines, 
N-1 shall be programmed to this register. 


e Vertical Total Adjust Register (R5) 

This is a register used to program the optimum number 
ot adjust total number of rasters per field. This register 
enables to decide the number of vertical deflection frequen- 
cy more strictly. 


e Vertical Displayed Register (R6) 

This is a register used to program the number of 
displayed character rows on the CRT screen. Data is 7-bit 
and any number that is smaller than that of vertical total 
characters can be programmed. 


Table 2 Pulse Width of Vertical Sync Signal 


Pulse Width 


—ah, 
CHONODAWYAD 


-—=~]-+-Qoq0o0o(-++ = O0000o 
+=200+-+-00-=00-=+00 


H: Raster period 


Table 3 Pulse Width of Horizontal Sync Signal 
SAA Pulse Width 

23 22 2! 20 

0 O O O — (Note) 
0) 6) 0 1 1 CH 
8) 6) 1 6) 2 

O O 1 1 3 

) 1 ) O 4 

O _ ) 1 5 

@) 1 1 O 6 

8) 1 1 1 7 

1 8) 6) 0 8 

1 6) O 1 9 

1 O 1 0 10 

1 0 1 1 11 

1 1 0 O 12 

1 1 O 1 13 

1 a 1 O 14 

1 1 1 1 15 


CH: Character clock period 
(Note) HSW “0” can’t be used. 
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e Vertical Sync Position Register (R7) 

This is a register used to program the vertical sync posi- 
tion on the screen as multiples of the horizontal character 
line period. Data is 7-bit and any number that is equal to 
or less than vertical total characters can be programmed. 
When V is character number of vertical sync position, V-1 
shall be programmed to this register. When, programmed 
value of this register is increased, the display position is 
shifted up. When programmed value is decreased, the 
position is shifted down. Therefore, the optimum vertical 
position may be determined by this value. 


e Interlace and Skew Register (R8) 

This is a register used to program raster scan mode and 
skew (delay) of CUDISP and DISPTMG. 
Raster Scan Mode Program Bit (V, S) 

Raster scan mode is programmed in the V, S bit. — 


Table 4 Raster Scan Mode (2', 2°) 


Raster Scan Mode. 


Non-interlace Mode 


Interlace Sync Mode 
Interlace Sync & Video Mode 


~oOo-o/|< 
-~-0O0/;MW 


In the non-interlace mode, the rasters of even number 
field and odd number field are scanned duplicatedly. In the 
interlace sync mode, the rasters of odd number field are 
scanned in the middle of even number field. Then it is con- 
trolled to display the same character pattern in two fields. 
In the interlace sync & video mode, the raster scan method 
is the same as the interlace sync mode, but it is controlled 
to display different character pattern in two field. 

Skew Program Bit (C1, CO, D1, DO) 

These are used to program the skew (delay) of CUDISP 
and DISPTMG. 

Skew of these two kinds of signals are are programm- 
ed separately. 


Table 5. DISPTMG Skew Bit (25, 2%) 


DISPTMG 


Non-skew 
One-character skew 
Two-character skew 
Non-output 


— — €) © 
=-—O-+- Oo 


Table 6. CUDISP Skew Bit (27, 2°) 


C1 Co CUDISP 

6) O Non-skew 

@) 1 One-character skew 
1 O Two-character skew 
1 1 Non-output — 
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Skew function is used to delay the output timing of 
CUDISP and DISPTMG in LSI for the time to access refresh 
memory, character generator or pattern generator, and to 
make the same phase with serial video signal. 


e Maximum Raster Address Register (R9) 

This is a register used to program maximum raster ad- 
dress within 5-bit. This register defines total number of 
rasters per character including line space. This register is 
programmed as follows. 


Non-interlace Mode, Interlace Sync Mode 
When total number of rasters is RN, RN-1 shall be pro- 
grammed. 


Interlace Sync & Video Mode 
When total number of rasters is RN, RN-2 shall be pro- 
grammed. 


This manual defines total number of rasters in non- 
interlace mode, interlace sync mode and interlace sync & 
video mode as follows: 


Non-interlace Mode 


: Total Number of Rasters:5 
Programmed Value:Nr=4 
2 (The same as displayed 

3 total number of asters) 

4 

Raster Address 


interlace Sync Mode 


a: 9 Total Number of Rasters:5 

a Programmed Value:Nr=4 

4 In the interlace sync mode, 

ae 2 total number of rasters in 

Pedicle isi 3 both the even and odd fields 
woe - eee eee eee 4 is ten. On programming, 


Raster Address the half of it is defined as 


total number of rasters. 


interlace Sync & Video Mode 


aa ; Total Number of Hasters:5 
ae : Programmed Value:Nr=3 
es Total number of rasters 


displayed in the even field 
and the odd field. 


Raster Address 


e Cursor Start Raster Register (R10) 


This is a register used to program the cursor start raster 
address by lower 5-bit (2°~42*) and the cursor display mode 
by higher 2-bit (2°, 2°). 
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Table 7. Cursor Display Mode (25, 2°) 


Cursor Display Mode 


Non-blink 

Cursor Non-display 
Blink 16 Field Period 
Blink 32 Field Period 


= = © OO] W 
- O--+ ©; VU 


Brink Period 


I light | dark j 


16 5r 32 field period. 


° Cursor End Raster Register (R11) 
This register used to program the cursor end raster 


address. 


e Start Address Register (R12, R13) 
These are used to program the first address of refresh 


memory to read out. 

Paging and scrolling is easily performed using this 
register. This register can be read but the higher 2-bit (2°,2’) 
of R12 are always “O”. 


e Cursor Register (R14, R15) 
These two read/write registers stores the cursor loca- 
tion. The higher 2-bit (2°, 2’) of R14 are always “O”. 


e Light Pen Register (R16,R17) | 

These read only registers are used to catch the detec- 
tion address of the light pen. The higher 2-bit (2°,2’) of R16 
are always ‘‘O’’. Its value needs to be corrected by soft- 
ware because there is time delay from address output of 
the CRTC to signal input LPSTB pin of the CRTC in the 
process that raster is lit after address output and light pen 
detects it. Moreover, delay time shown in Fig. 2 needs to 
be taken into account. 


Restriction on Programming Internal Register 
O<Nhd<Nht+ 1<256 
2) O<Nvd<Nvt+1<128 
O<Nhsp<Nht 
O<Nvsp<Nvt* 
O<Nostart<Ncenp<Nr (Non-interlace, Interlace 
sync mode) 
O<NestartSNcenpSNr+1 (Interlace sync & video 
mode) 
2<Nr<30 (Interlace Sync & Video mode) 
3<Nht (Except non-interlace mode) 
5<Nht (Non-interlace mode only) 
* In the interlace mode, pulse width is changed + 1/2 
raster time when vertical sync signal extends over 
two fields. 


a Number of Horizontal Total Characters (Nht + 1) —————_--—.._ 
4 


Vertical Total Adjust (Nadj) 


7 Number of Horizontal Displayed Characters (Nhd) —————_ 


= = 
‘ + 
. $ 
2 = z 
gs £1.38 
5s 6f{] 46 
o @ 2 
q fs] a 
be El cx — 
£ OC} 8. 
& si} EB 
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s 5 rs) ¢ Display Period 
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Horizontal 
Retrace 
Period 


Figure 7. CRT Screen Format 
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Notes for Use 

(1) The method of directly using the value programmed in 
the internal register of LSI for controlling the CRT is adopted. 
Consequently, the display may flicker on the screen when 
the contents of the registers are changed from bus side 
asynchronously with the display operation. 


Cursor Register 

Writing into this register at frequent intervals for mov- 
ing the cursor should be performed during horizontal and 
vertical retrace period. 


Start Address Register 

Writing into the start address register at frequent inter- 
vals for scrolling and paging should be performed during 
horizontal and vertical display period. 

It is desirable to avoid programming other registers dur- 
ing display operation. 
(2) The RES assertion at power-on does not define the in- 
ternal registers of the GM68B45S. For a proper opera- 
tion based on the system specification, all the internal 
registers are requested to be programmed by users after 
power is supplied. 
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M OPERATION OF THE CRTC 


e Time Chart of CRT interface Signals 

The following example shows the display operation in 
which values of Table 8 are programmed to the CRTC in- 
ternal registers. Fig. 7 shows the CRT screen format. Fig. 
10 shows the time chart of signals output from the CRTC. 

The relation between values of Refresh Memory Ad- 
dress (MA>~~MA,;) and Raster Address (RA o™RA,) and the 
display position on the screen is shown in Fig. 16. Fig. 16 
shows the case where the value of Start Address is O. 


e Interlace Control 

Fig. 8 shows an example where the same character 
is displayed in the non-interlace mode, interlace sync mode, 
and interlace sync & video mode. 


Non-interlace Mode Control 

In non-interlace mode, each field is scanned duplicated- 
ly. The values of raster addresses (RA)RA,) are counted 
up one from 0. 


0 -—_—_—_——————— 
ie Gc ASaIRIS-A 
—_o—___"_—_—_ 
j ie Sa alin ©-- 3 
~~ ae a —_e—_____—_——__9@— ; 
i 3 - ao aoe --- @--2 go 0 © -@ ©-0-@--5 |line .~-0-0-0-@-0-0-&- 5 | line 
en re. Ove —o———_______9— —o——_____-e— 
--@---------- O--3 -~ 
4 —Q——_—__——e— 4—9q—___q@ 8 - 
--9-~--------- @--4 
5 —@-e-—-e—-0-0-©-@— 5-—¢-€-©6-6 90-9 9 A- 
poo 2 2 See 65 F 
a 
--@-----------@--6 2 
7 —@——__e—- 7 -—6-- 2 
--@----------- ©---7 4 : 
8 —e@——____—___—_9@— 8 4 5 line 
: Aah Same eaten © --8 ge ee ie ee er 
—@—_________e—- —_—o—_______o—_ # 
i ay ee i en Ses eee ate SS ee em 1 Gate Sie ee ee 
a = oO 3 © @--7 9 ) e--- 8 
5 3 Sheet ses pe Sao ee es See ee ses: A 
A eee a ae B saiiebs aiciainna ca cere ss aces. 


Non-interlace Mode Interlace Sync Mode 


Interlace Sync & Video Mode 
(Total number of rasters in a line 
is even.) 


Interlace Sync & Video Mode 
(Total number of rasters ina line 
is odd.) 


Figure 8. Example of Raster Scan Display 


Table 8. Programmed Values into the Registers 


Register Name 


Horizontal Total 


Interlace & Skew 


(NOTE) Nhd<Nht, Nvd<Nvt 


Horizontal Displayed ie Cursor Start Raster 
Horizontal Sync Position Nhsp Cursor End Raster 
Sync Width Nvsw, Nhsw Start Address (H) 
Vertical Total Nvt Start Address (L) 
Vertical Total Adjust Nadj Cursor (H) 

Vertical Displayed Nvd ' Cursor (L) 

Vertical Sync Position Nvsp Light Pen (H) 


Max Raster Address 


Light Pen (L) 
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interlace Sync Mode Control 

In the interlace sync mode, raster addressed in the even 
field and the odd field are the same as addressed in the 
non-interlace mode. One character pattern is displayed 
mutually and its displayed position in the odd field is set 
at 1/2 raster space down from that in the even field. 


interlace Sync & Video Mode Control 

In interlace sync & video mode, the output raster ad- 
dress when the number of rasters is even is different from 
that when the number of rasters is odd. 


Table 9. The Output of Raster Address in 
interlace Sync & Video Mode 


Even Field Odd Field 


Odd Line* Odd Address | Even Address 


1) Total number of rasters in a line is even; 

When number of rasters is programmed to be even, 
even raster address is output in the even field and odd 
raster address is output in the odd field. 


Total 
Number of 
Rasters in a Line 


0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 10 


Cursor Start Address = 9 
Cursor End Address = 9 


Cufsor Start Address = 9 
Cursor End Address = 10 


2) Total number of rasters in a line is odd; 

Whe total number of rasters is programmed to be odd, 
odd and even addresses are reversed according to the odd 
and even lines in each field. In this case, the difference 
in numbers of dots displayed between even field and odd 
field is usually smaller the case of 1). Then interlace can 
be displayed more stably. 


(NOTE) The wide disparity of dots between number of dots between even 
field and odd field influences beam current of CRT. CRT, which has 
a stable high-voltage part, can make interlace display normal. On the 
contrary, CRT, which has unstable high-voltage part, moves deflec- 
tion angle of beam current and also dots displayed in the even and 
odd fields, may be shifted. Characters appears distroting on a border 
of the screen. So 2) programming has an effect to decrease such 
evil influences as mentioned above. Fig. 13 shows fine chart in each 
mode when interlace is performed. 


e Cursor Control 

Fig. 9 shows the display patterns where each value is 
programmed to the cursor start raster register and the cur- 
sor end raster register. Programmed values to the cursor 
start raster register and the cursor end raster register need 
to be under the following condition. __ 

Cursor Start Raster Register<Cursor End Raster 

Register< Maximum Raster Address Register. 

Time chart of CUDISP is shown in Fig. 14 and Fig. 15 


ODN OO AWN = O 


_ 
© 


Cursor Start Address = 1 
Cursor End Address = 5 


Figure 9. Cursor Control 
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aes Vertical Display Period ——— Vertical Retrace Period 


RA~RA,| oO] 1 1273] Iw ]o]1]2]3] ._]™]o]1]2131 
eS id 
oispTuG Lf LE LE Lee oe A We Ue A Me pe te 


Figure 11 Switching from Vertical Display Period over to Vertical Retrace Period (Expansion of Fig. 10-A) 


---|——_—_—_—_—_____—_——— Vertical Retrace Period Vertical Display Period 
Fine Adjustment Period of 


Frame Period 
Tadj = Nadj- T, 


RA~RA,[ OL 1] 2] Nr] of 1 TO ned} oc PtP 2 Ne Tt 2 


bine (TOON LETT 1 


DISPTMG 


Figure 12 Fine Adjustment Period of Frame in Vertical Display (Expansion of Fig. 10-B) 


6-121 


GM6845S 


pees SI DOR|a}UI UBYM BpowW YoOeRS U! WeUd duly “gy eunbig 


14 mS aN——a sn a : 


' is ANd 7 


Se nacre 7 me aE eat - Ak EC LO = oe 


ee wn aot : —— : 2] x2~ 


a Se 


ae: 


Sn 7 


2 
£\.2 
IN 0, 94 Risto af cota aa alae 


6-122 


GM6845S 


“‘powsed ow-Ze 
JO QL SI polled pray ueyM apow Aejdsip-uoU (9 vt ‘Bly Jo uoisuedxy) Bum, dSIGNO St eunbig 


40 Aejdsip oyu! pabueyo si ys ‘apow yuNq UT] 


‘apow Aejdsip sosund ul pawwei6bo1g ase 
€=s9}si6bay soysey 

pug sosund 
| =Ja}sibay soysey 

yR\S sosungD 

Z+PUN=JaI}siba1 1OSIND 

(3.LON) 


dSIQnd 


[f-------., |,“ Je -=----T TT T= = === ee a tee 


1UN + PUN Z + PUN t+ PUN tUN + PUN Z + PUN t+ PUN tun + PUN Z + PUN t+ PUN ‘UN + PUN Z+PUN | + PUN ' 


dSIGND pue jasey e aur] UBEeMjeq UOeEIEY py eunbiy4 


\ i dSIQNS 
Pw f-------[' [Te-7T:[e]]-------}: 72) tet }-------p 2) Pet fe ee 


7. 9u'7 oe | C., aur] 


6-123 


GM6845$ 


'O SI 19}SI591 ssauppe je}s JO anjeA pawwesbod 


8Y} BJOYM BSED aU} Ul sjdwexs Ue SI SIU] 
‘pouiad aoesjas jeoaA pue jeyuOZUOY BuuNnp 
uana papiAoid ase SSeuppe Asowew ysuajey 
‘auenbs aulj-49I4y} By} UIUJIM UMOYUS ase 
(L-PUN-PAN~OC) sseuppe Asowew Ysaijes pIe/A 


(“YVWX°VW) SSeuppy Asowey Yyseijey 9} eunbi4 


DUN + PUN( 1+2AN) PUN-(Z+2AN)] L-PUN(Z +2AN) +PUNT I+ AN] PUN: (1 +TAN} L- [DON 
BUN + PUN(L+34N) on ee PUN: (| +)AN) 0 
1UN + PUN-JAN PUN(L +34N) | L-PUN(L +24N) L+PUN- JAN : aN is 
t ! f { 1 PAN | 
1UN + PUNTAN PUN(L +3AN) | L-PUN(L +24N) 1+PUN: JAN 0 o 
D 
Ps 
a 
@ 
s 
JUN + PUN: PAN L+PUN-PAN] PUN-PAN [JN = 
t { f i) PAN | 
UN + PUN: PAN 1+PUN'PAN| PUN-PAN [0 
JUN + PUN -(L-PAN) PUN: PAN 
JUN + PUN: (L-PAN) PUN-PAN 
< 
s 
.. 
w 
oi o 
S 
JUN + PUNZ 1 +PUNZ N = 
2 
} t 'f 2 |x 
JUN + PUNZ L+PUNZ 0 2 
JUN +PUN N = 
' ha 
2UN+PUN 0 
| oN 
| dye 
a ae 
Nee 
\ / “seyo an auiq 


POlag adeNay je1uOZIOHY Poliag Aejdsig jejuoziio}4 ssduppe saysey 


6-124 


GM6845S 


@ HOW TO USE THE CRTC 


e Interface to MPU 

As shown in Fig. 17, the CRTC is connected with the 
standard bus of MPU to control the data transfer between 
them. The CRTC address is determined by CS and RS, and 
the Read/Write operation is controlled in R/W and E. When 
CS is “Low” and RS is also “Low”, the CRTC address 
register is selected. When CS is “Low” and RS is “High”, 
one of 18 internal registers is selected. 


System @, clock 


ES 


RES is the system reset signal. When RES becomes 
‘Low’, the CRTC internal control logic is reset. But inter- 
nal registers shown in Table 1 (RO~R1 7) are not affected 
by RES and remain unchanged. 

The CRTC is designed so as to provide an interface to 
microcomputers, but adding some external circuits enables 
an interface to other data sources. 


Figure 17 Interface to MPU 


e Dot Timing Generating Circuit 

CRTC’s CLK input (21 pin) is provided with CLK which 
defines horizontal character time period from the outside. 
This CLK is generated by dot counter shown in Fig. 18. 
Fig. 18 shows a example of circuit where horizontal dot 
number of the character is “9” Fig. 19 shows the opera- 


9-Counter (GD74163A ) 


tion time chart of dot counter shown in Fig. 18. As this ex- 
ample shows explicitly, CLK is at “Low” level in the former 
half of horizontal character time and at “High” level in the 
latter half. It is necessary to be careful so as not to mistake 
this polarity. 


LOAD P/S REG—N \ to P/S SHIFT 
REGISTER 


DOTCP—P 


CHCP—P to CRTC (CLK) 


Figure 18 Example of Dot Counter 
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DOTCP—P 


Q, 


Q, 


LOAD P/S REG—N 


CHCP—P (CLK) 


One Horizontal 
Character Time 


Figure 19 Time Chart of Dot Counter 


@ INTERFACE TO DISPLAY CONTROL UNIT 


Fig. 20 shows the interface between the CRTC and display 
control unit. Display control unit is mainly composed of 
Refresh Memory, Character Generator, and Video Control 
circuit. For refresh memory, 14 Memory Address line 
(O~ 16383) max are provided and for character generator, 
5 Raster Address line (0~31) max are provided. For video 
control circuit, DISPTMG, CUDISP, HSYNC, and VSYNC 
are sent out. DISPTMG is used to control the blank period 
of video signal. CUDISP is used as video signal to display 
the cursor on the CRT screen. Moreover, HSYNC and 
VSYNC are used as drive signals respectively for CRT 
horizontal and vertical deflection circuits. 

Outputs from video control circuit, (video signals and 
sync signals) .are provided to CRT display unit to control 
the deflection and brightness of CRT, thus characters are 
displayed on the screen. 


Fig. 21 shows detailed block diagram of display con- 
trol unit. This shows how to use CUDISP and DISPTMG. 
CUDISP and DISPTMG should be used being latched at 
least one time at external flip-flop F1 and F2. Flip-flop F1 
and F2 function to make one-charcter delay time so as to 
synchronize them with video signal from parallel-serial con- 
verter. High-speed D type flip-flop as TTL is used for this 
purpose. After being delayed at F1 and F2 DISPTMG is 
AND-ed with character video signal, and CUDISP is Or-ed 
with output from AND gate. By using this circuitry, blank- 
ing of horizontal and vertical retrace time is controlled. And 
cursor video is mixed with character video signal. 

Fig. 21 shows the example in the case that both refresh 
memory and Character Generator can be accessed for 
horizontal one character time. Time chart for this case is 
shown in Fig. 24. This method is used when a few character 
needed to be dislayed in horizontal direction on the screen. 


ee hhhesesssssstssssssinsnsnesesee 
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Refresh 
Memory 


RA ; Character 


- oT 


CUDISP 


HSYNC Video Control 
VSYNC 


Video 
Signals 


Sync 
Signals 


Figure 20 Interface to Display Control Unit 


CUDISP 


DISPTMG 


Refresh 
Memory 


Character 
Generator 


DOT COUNTER 


Figure 21 Display Control Unit (1) 
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When many characters are displayed in horizontal direc- 
tion on the screen, and horizontal one-character time is so 
short that both refresh memory and Character Generater 
cannot be accessed, the circuitry shown in Fig. 22 should 
be used. In this case refersh memory output shall be lat- 
ched and Character Generator shall be accessed at the next 
cycle. The time chart in this case is shown in Fig. 25. 
CUDISP and DISPTMG should be provided after being 
delayed by one-character time by using skew bit of interlace 
& skew register (R8). Moreover, when there are some 
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troubles about delay time of MA during horizontal one- 
character time on high-speed display operation, system 
shown in Fig. 23 is adopted. The time chart in this case 
is shown in Fig. 26. Character video signal is delayed for 
two-character time because each MA outputs and refresh 
memory outputs are latched, and they are made to be in 
phase with CUDISP and DISPTMG by delaying for two- 
character time. Table 10 shows the circuity selection stan- 
dard of display units. 


Table 10 Circuitry Standard of Display Countrol Unit 


RM Access + tuap 2 tcn > RM Access 
ton CHCP Period; t,,,5: MA Delay 

RM: Refresh Memory CG: Character Generator 

CUDISP 


DISPTMG 


Refresh 
Memory 


CUD!ISP 


DISPTMG 


Relation among tcy Refresh Memory and Character Generator 


RM Access + CG Access + tap 2 ten > RM Access + tuap Fig. 22 


Interlace & Skew Register 
Eriok Bit Jog anne 
eM ba To Tor] oo 


et 
a ee 


Character 
Generator 


Figure 23 Display Control Unit (For high-speed display operation) (3) 
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Figure 24 Time Chart of Display Control Unit (1) 
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Figure 25 Time Chart ot Display Control Unit (2) 
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Figure 26 Time Chart of Display Unit (3) 


MH HOW TO DECIDE PARAMETERS SET ON THE 
CRTC 
¢ How to Decide Parameters Based on Specification of 
CRT Display Unit (Monitor) 
Horizontal deflection frequency f, is given by specifica- 
tion of CRT display unit. Number of horizontal total 
characters is determined by the following equation. 


1 


tc(Nht+ 1) 
where, 
tc: Cycle Time of CLK (Character Clock) 
Nht: Programmed Value of Horizontal Total Register (RO) 


f,= 


Number of Vertical Total Characters 
Vertical deflection frequency is given by specification 

of CRT display unit. Number of vertical Total characters is 
determined by the following equation. 
1) Non-interlace Mode 

Rt=(Nvt+1) (Nr+1)+Nadj 
2) Interlace Sync Mode 

Rt=(Nvt+1) (Nr+1)+Nadj+0.5 
3) Interlace Sync & Video Mode 


Nvt+ 1)(Nr+2)+ 2Nadj 
Be een (a) 


2 


Nvt+1)(Nr-+2)+2Nadj+1 
ie eee (b) 


2 

(a) is applied when both total numbers of vertical characters 
(Nvt+1) and that of rasters in line (Nr+2) are odd. 
(b) is applied when total number of rasters (Nr+2) is even, 
or when (Nr+2) is odd and total number of vertical 
characters (Nvt+1) is even. 
where, 

Rt : Number of Total Rasters per frame 

(Including retrace period) 

Nvt : Programmed Value of Vertical Total Register (R4) 

Nr : Programmed Value of Maximum Raster Address 
Register (RQ) 
Programmed Value of Vertical Total Adjust 
Register (R5) 
Horizontal Sync Pulse Width 

Horizontal sync pulse width is programmed to low order 

4-bit of horizontal sync width register (R3) in unit of horizon- 
tal character time. Programmed value can be selected within 
from 1 to-15. 


Nadj : 


sss versus 
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Horizontal Sync Position 
As shown in Fig. 27, horizontal sync position is nor- 
mally selected to be in the middle of horizontal retrace 
period. But there are some cases where is optimum sync 
position is not located in the middle of horizontal retrace 
period according to specification of CRT. Therefore, 
horizontal sync position should be determined by specifica- 
tion of CRT. Horizontal sync pulse position is programm- 
ed in unit of horizontal character time. 
os =) 
bisPruGeel =—OSSCSC*~*~S~S*S«C i 
[> rorsoris| ee Horzonnt-efe— Horsonal | —a 


HSYNC 
Figure 27 Time Chart of HSYNC 
Vertical Sync Pulse Width 


Vertical Sync Pulse Width is programmed to high order 
4-bit of vertical sync pulse width register (R3) in unit of 


raster period. Programmed value can be selected within 

from 1 to 16. . 

Vertical Sync Position - 

As shown in Fig. 28, vertical sync position is normally 

selected to be in the middle of vertical retrace period. But 

there are some cases where its optimum sync position is 

not located in the middle of vertical retrace period accor- 

ding to specification of CRT. Therefore, vertical sync posi- 

tion should be determined by specification of CRT. Vertical 

sync pulse position is programmed to vertical sync posi- 

tion register (R7) in unit of line period. _ 

¢ How to Decide Parameters Based on Screen Format 
Dot Number of Characters (Horizontal) 

Dot number of characters (horizontal) is detemined by 
character font and character space. An example is shown 
in Fig. 29. More strictly, dot number of characters (horizon- 
tal) N is determined by extemal N-counter. Character space 
is set by means shown in Fig. 30. 


Vertical | Vertical 
iod | Display Period | 


Vertical 
| Display Period | Retrace Per 


oisetmc—t TT 


re te 


VSYNC 


Wee 


Figure 28 Time Chart of VSYNC 


Don Number of 


Horizontal Characterarsaaer 
Space 


Character Font 


Dot Number of 
Vertical Characters 
(Number of Rasters) 


Line 
Space 


Dot Number of Horizontal Characters 10 
Dot Number of Vertical Characters 13 
7x9 Character generator is used. 


Figure 29 Dot Number of Horizontal and Vertical 
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Character Font 


Serial Data 
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Shift Register 


Figure 30 How to Make Character Space 


Horizontal Deflection Period (t,) = 1 


Horizontal Display Period Horizontal Retrace Period 


| Number of Horizontal Displayed Characters 


tc 


a Horizontal Character Time = 


Horizontal Display Period 


Number of Horizontal Displayed Characters 


Figure 31 Number of Horizontal Displayed Characters 


Dot Number of Characters (Vertical) 

Dot number of characters (vertical) is determined by 
characters font and line space. An example is shown in Fig. 
29 Dot number of characters (vertical) is programmed to 
maximum raster address (RQ) of CRTC. 


Number of Horizontal Displayed Characters 

Number of horizontal displayed characters is programm- 
ed to horizontal displayed register (R1) of the CRTC. Pro- 
grammed value is based on screen format. Horizontal 
display period, which is given by specification of horizon- 
tal deflection frequency and horizontal retrace period of CRT 
display unit, determines horizontal character time, being 
divided by number of horizontal displayed characters. 
Moreover, its cycle time and access time which are 
necessary for CRT display system are determined by 
horizontal character time. 


Number of Vertical Displayed Characters 

Number of vertical displayed characters is programm- 
ed to vertical displayed register (R6). Programmed value 
is based on screen fromat. As specification of vertical 
deflection frequency of CRT determines number of total 
rasters (Rt) including vertical retrace period and the rela- 
tion between number of vertical displayed character and 
total number of rasters on a screen is as entioned above, 
CRT which is suitable for desired screen format should be 
selected. 

For optimum screen format, it is necessary to adjust 
number of rasters per line, number of vertical displayed 
characters, and total adjust raster (Nadj) within specifica- 
tion of vertical deflection frequency. 


SL I TSE BP SF IS SS NT RV TRE SB SSIS BS. TELESIS DG SS TES TE AE PN IES ISEB ESCO I SEARS TL SE ELA ETT TT TITTLE TET a NS 
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Scan Mode 

The CRTC can program three-scan modes shown in 
Table 11 to interlace mode register (R8). An example of 
character display in each scan mode is shown in Fig. 8. 


Table 11. 9 ae of Scan Mode 
iV iS | Scan Mode _ Mode Main | = Main Usage 


, Normal Display of Characters 
Non-interlace & Figures 


Fine Display of Characters 
& Figures 


a Interlace Sync 


Interlace Sync 
& Video 


Display of Many Characters 
& Figures Without Using 
High-resolution CRT 


GM6845S 


(NOTE) In the interlace mode, the number of times per sec. in raster scann- 
ing on one spot on the screen is half as many as that in non-interlace 
mode. Therefore, when persistence of luminescence is short, flicker- 
ing may happen. It is necessary to select optimum scan mode for 
the system, taking characteristics of CRT, raster scan speed, and 
number of displayed characters and figures into account. 


Cursor Display Method 

Cursor start raster register and cursor end raster register 
(R10, R11) enable programming the display modes shown 
in Table 7 and display patterns shown in Fig. 9. Therefore, 
it is possible to change the method of cursor display 
dynamically according to the system conditions as well as 
to realize the cursor display that meets the system re- 
quirements. 


Ais ~Ag 
MPU 
D,~D 
DOT CLK BUS DRIVER 
OSC COUN- 
TER 


CRTC 


HSYNC 


VSYNC 


MULTIPLEXER 


DOT MEMORY 
(RAM) 


VIDEO 
SYNC 


VIDEO 


CONTROL 


Figure 32 Monochrome Character Display 
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Start Address 
Start address resisters (R12, R13) give an offset to the 


address of refresh memory to read out. This enables pa- 
ing and scrolling easily. 
Cursor Register 

Cursor registers (R14, R15) enable programming the 
cursor display position on the screen. As for cursor ad- 
dress, it is not X, Y address but linear address that is pro- 
grammed. 


B APPLICATIONS OF THE CRTC 


¢ Monochrome Character Display 


Fig. 32 shows a system of monochrome character 
display. Character clock signal (CLK) is provided to the 
CRTC through OSC and dot counter. It is used as basic 
clock which drives internal control circuits. MPU is con- 
nected with the CRTC by standard bus and controls the 
CRTC initialization and read/write of internal registers. 

Refresh memory is composed of RAM which has 
capacity of one frame at least and the data to be displayed 
is coded and stored. The data to refresh memory is changed 
through MPU bus, while refresh memory is read out suc- 
cessively by the CRTC to display a static pattern on the 
screen. Refresh memory is accessed by both MPU and 


REFRESH 
MEMORY 


CHARACTER 
GENERATOR 
VIDED COMIRGE es a 
pCO 
SYNC SIGNAL 


GM6845S 


the CRTC, so it needs to change its address selectively 
by multiplexer. The CRTC has 14 MA (Memory Address 
output), but in fact some of them that are needed are us- 
ed according to capacity of refresh memory. 

Code output of refresh memory is provided to character 
generator. Character generator generates a dot pattem of 
a specified raster of a specified character in parallel accor- 
ding to code output from refresh memory and RA (Raster 
Address output) from the CRTC. Parallel-serial converter 
is normally composed of shift registre to convert output of 
character generator into a serial dot pattern. Moreover, 
DISPTMG, CUDISP, HSYNC, and VSYNC are provided to 
video control circuit. It controls blanking for output of 
parallel-serial converter, mixes these signals with cursor 
video signal, and generates sync signals for an interface 
to monitor. 


¢ Color Character Display 

Fig. 33 shows a system of color character display. In 
this example, a 3-bit color control bit (R, G, B) is added 
to refresh memory in parallel with character code and pro- 
vided to video control circuit. Video control circuit controls 
coloring as well as blanking and provides three primary color 
video signals (R, G, B signals) to CRT display device to 
display characters in seven kinds of color on the screen. 


l 


Blink 


(RAM) 


COLOR BIT (R, G, B) 


Figure 33 Color Character Display 
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e Color limited Graphic Display 

Limited graphic display is to display simple figures as 
well as character display by combination of picture element 
which are defined in unit of one character. 

As shown in Fig. 34, graphic pattern generator is set 
up in parallel with character generator and output of these 
generators are wire-ORed. Which generator is accessed 


depends on coded output of refresh memory. 

In this example, graphic pattern generator adopts ROM, 
So only the combination of picture elements which are pro- 
grammed to it is used for this graphic display system. Adop- 
ting RAM instead of ROM enables dynamically writable 
symbols in any combination on one display by changing 
the contents of them. 


A,s~Ag 


D,~D, 


t 


CRTC 


REFRESH 
MEMORY 
(RAM) 


BUS 
DRIVER 


COLOR BIT (R, G, B) 


R. VIDEO 
G. VIDEO 

VIDEO CONTROL B. VIDEO roo 
SYNC SIGNAL 


Figure 34 Color Limited Graphic Display 
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e Monochrome Full Graphic Display 

Fig. 35 shows a system of monochrome full graphic 
display. While simple graphic display is figure display by 
combination of picture elements in unit of 1 picture 
elements, full graphic display is display of any figures in 


MPU 


DOT CLK 
COUNTER 


CRTC 


GM6845S 


unit of 1 dot. In this case, refresh memory is dot memory 
that stores all the dot patterns, so its output is directly pro- 
vided to parallel-serial converter to be displayed. Dot 
memory address to refresh the screen is set up by com- 
bination of MA and RA of CRTC. 


BUS DRIVER 


REFRESH 
MEMORY 
(RAM) 


GENERATOR 


Lo 2) 


CUDISP 


HSYNC 
VSYNC 


CONTROL 


VIDEO 


VIDEO 


Figure 35 Monochrome Full Graphic Display 
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Fig. 36 shows an example of access to refresh memory —respondence between dot on the CRT screen and refresh 
by combination of MA and RA. Fig. 36 shows a refresh memory address is shown in Fig. 37. 
memory address method for full graphic display. Cor- 


Mai. 


Refresh Memory 
mes Address 


Figure 36 Refresh Memory Address Method for Full Graphic Display 


32 Characters x 8 dots = 256 dots 


1 byte (8-bit) 


8 rasters 
(1 line) 


24 lines 
x 8 rasters 
= 192 rasters 


Value of ma 


Figure 37 Memory Address and Dot Display Position on the Screen for Full Graphic Display 
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MULTIPLEXER 


CRTC 


RED VIDEO 
GREEN 
VIDEO VIDEO 
aun BLUE 
VSYNC FC 


SYNC SIGNAL 


Figure 38. Color Full Graphic Display 
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M@ DISPLAY SEQUENCE AFTER RES RELEASE (Operation at the first field after the RES release] 
OF GM68B45S (1) DISPTMG and CUDISP are not output. (They remain 
at “Low” level. The display is inhibited.) 
(2) The data programmed in the start address register is 
not used. (MA and RA start at “‘O”.) 
(3) The sequences are shown in the following figures. 


GM68B465S starts the display operation immediately 
after the pelease of RES. The operation at the first is dif- 
ferent from the normal subsequent display operation. 


Display Operation Starts (first field) 


CLK 


RES 
0 ~ 50ns (RES should be released during this period.) 


Max 0 «Ko XX? —~*S 


Figure 40 RES Release Sequence 


first field Normal Operation 


Adjust 


vere n n n n 


Figure 41 RES Release Sequence in The Non-interlace Mode 


first field Normal Operation 


RAx 


Line #0 #1 #Nvsp eNvt #0 0 #1 #Nvsp #Nvt \Dummy #0 #1 lS Nvsp aNvt #0 9) Ra 
r H : 
Adjust Adjust \ Adjust 
t \ ! 
VSYNC® - | 


VSYNC® : interlace Sync Control 

interlace Sync & Video Control (Nr+2=Even) 

interlace Sync & Video Control (Nr+2=Odd, Nvt=Odd, Nvsp=Even) 
VSYNC® : Interlace Sync & Video Control (Nr+2=Odd, Nvt=Odd, Nvsp=Odd) 


Figure 42 RES Release Sequence in The Interlace Mode (1) 


first field 


= Oe Ge a XX XX Fk Fan oot 
Line #O #1 #Nvsp #Nvt #0 #1 #Nvep + Nvt #0 #1 
' 
j I Adjust 
t 
t 


VSYNCO© 


VSYNCO 


VSYNCO© : interlace Sync & Video Control (Nr+2=Odd, Nvt=Even, Nvsp=Even) 
VSYNCO : interlace Sync & Video Control (Nr+2=Odd, Nvt=Even, Nvsp=QOdd) 


Figure 43 RES Release Sequence in The Interlace Mode (2) 
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™ ANOMALOUS OPERATIONS IN GM6845S CAUSED BY REWRITING REGISTERS DURING THE 
DISPLAY OEPRATION* 


Register Register Name Anomalous operations caused by rewriting registers & Conditions to avoid 
those operations 


Horizontal Total The horizontal scan period is disturbed. 

Horizontal Displayed | There are some cases where the width of DISPTMG becomes shorter than the 
programmed value at the moment of a rewrite operation. An error operation 
occurs only during one raster period. 


Horizontal There are some cases where HSYNC is placed on the position different from 
Sync Position the programmed value or the noise is output. ; | 


Sync Width When a rewrite operation is performed at a “High” level on HSYNC pulse or 
VSYNC pulse, there are some cases where the width pulse becomes shorter 
than the programmed value at the moment of a rewrite operation. 


| Vertical Total When a rewrite operation is performed during the last raster period in the line, 


period. There is no problem of a rewrite operation during raster period except 
this period 


When a rewrite operation is performed in the last character time of the raster 
period, there are some cases where the numbers of Adjust Raster, specified 
by program, are not added. (Only during the adjust raster period) 


Adjust 
After the moment of a rewrite operation, there are some cases where the 
Display is inhibited. However, the display according to the programmed value 


# 
R1 
R4 

Vertical Displayed’ 

| is performed from the next field. 
R7 | Vertical Sync There are cases where VSYNC is placed on the position different from the X 
Position programmed value or the noise is output. 
ie interlace & Skew Neither scan mode bit nor skew bit is rewritten dynamically. 


there is a possibility that the disturbance occurs during the vertical scan 
Vertical Total 


Dynamic Rewrite into scan mode bit and skew bit is prohibited. 


Maximum Raster The internal operation will be disordered by a rewrite operation. , 
Address | 


Cursor Star Raster | When a rewrite operation is performed in the last character time of the raster 


period, there are some cases where the litter occurs on the cursor raster or 
a Cursor End Raster 


the cursorn is not displayed correctly. There is also a possibility that the blink 
a Start Address (H) 


rate becomes temporally shorter than usual. 
Start Address (L) 


R11 When a rewrite operation is performed in the last character time of the raster 
Cursor (H) 
R 


period, there are some cases where the litter occurs on the cursor raster or 
the cursor is not displayed correctly. Moreover, there are also some cases 
where the blink rate becomes temporally shorter than normal operation. 
R12 and R13 are used in the last raster period of the field. A rewrite 

Cursor (L) 

Ot aes means temporary abnormal operations in rewriting the internal register during the display operation. Normally, after a rewrite operation the LSI performs 
the specified display operation from the next field. 
(The operations in this table are outside. our guarantee and are regarded as materials for reference.) 


be performed except during this period. However, when R12 and R13 


are rewritten in each field separately, the display operatio, whose start address 
is determined temporally by programming sequence, will be performed. 

A rewrite operation should be performed during the horizontal/vertical display 
period. 
When a rewrite operation is performed during the display period, there are 
some cases where the cursor is temporally displayed at the address different 


from the programmed value. A rewrite operation should be performed during 
the horizontal/vertical retrace period. Also, when R14 and R15 are rewritten in 
each field separately, the cursor is displayed temporally at the temporal 
address determined by programming sequence. 


(Oye A rewrite operation is possible without affecting the screen in the display so much. ‘ 
OH OD occu If conditions are satisfied, a rewrite operation is possible. If conditions are not satisfied, there are some cases where a flicker and so on occur temporally. 
> care When a rewrite operation is performed, there are some cases where a flicker and so on occur temporally. 
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QUADRUPLE LINE DRIVERS 


Feature 


Meets Specifications of EIA RS-232C 
Designed to be Interchangeable with SN75188 
Current Limited Output .. 10mA Typical 
Power-Off Output Impedance ... 3002 Min 
Slew Rate Control by Load Capacitor 

Flexible Supply Voltage Range 

Input Compatible with Most TTL and DTL Circuits 


Pin Configuration 


Vcc* 4B 


‘ 


Description 


The GD75188 is a monolithic quadruple line 
driver designed to interface data terminal equipment 
with data communication equipment in conformance 
with the specifications of ElAstandard RS-232C with 
a diode in series with each supply-voltage terminal 
as shown under typical applications. The device is 
characterized for operation from O°C to 75°C 


Suffix-Blank: Plastic Dual In Line Package 
Suffix-J : Ceramic Dual In Line Package 


Schematic (each driver) 


DRIVERS Function Table 


Voc + 


INPUT(S) 


OUTPUT 


TO OTHER 
DRIVERS 


Absolute Maximum Ratings 


e Supply voltage Vec+ 15V 
e Supply voltage Vec- =15V 
e Input voltage range V; —15VV+7V 
e Output voltage range Vo —15V~v+15V 
¢ Continuous total dissipation at (or below) 25°C Pr 1W 
¢ Operating free-air temperature range Ta . Ov+75°C 
¢ Storage temperature range Tstg —65%+175°C 
e Lead temperature 1/16 inch from case for 60 seconds, P Package 300°C 


seconds, J Package 260°C 
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Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 


SYMBOL PARAMETER TEST CONDITIONS MIN TYP ‘MAX 
V High-level input voltage 1.9 
6 
V. 


Vect =9V . 
Vec—-=—-9V 


7 
V 
Veot =13.2V : 
Vect =9V —7 -—6 
Veco =—-9V 


High-level output voltage 


Low-level output voltage 


OL 
Vec— =—-13.2V ai 
Low-level input current 


Ag) Short-circuit output current at high levela | V,=0.8V V, 
Cc 


o= 
los(L) | Short-circuit output current at low levela | V,=1.9V o=O0 10 12 
5 


=0 -6 -10 =12 
6 


: V 
Voct+ =0 Voe— =0 
Output resist : er off ad . 
| to ouput resistance, power of Vo=—2V to 2V 00 


Vect =9V, All inputs at 1.9V 
No load Allinputs atO.8vV| ss 4.5 si | 
Veo =12V All inputs at 1.9V| 1925 


No load 
Veco + =15V, No load, 


P| 
Voc— = —9V, -13 -17 
ga eee 
Voc =—12V, -18 -23 
oe eee ee 
ee eee 


Veco+ =9V, Vec —-=-9V . 333 
No load 

Vect=12V, 
No load 


Supply current from Vect+ 


Supply current from Vec— 


Total power dissipation 


c All typical values are at T,=25°C 

w Not more than one output should be shorted at a time. 

NOTE: The algebraic convention where the more positive (less negative) limit is designated as maximum is used in this data sheet for logic voltage levels 
only, e.g., if —6V is a maximum, the typical value is a more negative voitage. 


Switching Characteristcs, Vo. + =9V, V.~— = —9V, T,=25°C 


PARAMETER 


Propagation delay time, low-to-high-level output 
i on Propagation delay time, high-to-low-level output R.=3kQ, 


Transition time, low-to-high-level output} See Figure 1 C_=15pF 


Transition time, high-to-low-level output} 
Transition time, low-to-high-level outputs § R.=3k2 to 7kQ, 


Transition time, high-to-low-level outputs § See Figure 1 


t Measured between 10% and 90% points of output waveform. 
§ Measured between +3V and —3V points on the output waveform (EIA RS-232C conditions) 
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Parameter Measurement Information 


NOTE: A. The pulse generator has the following characteristics; ty=O.5us, PRR=1 MHz, Zo>=502 
B. C, includes probe and jig capacitance. 


Sie a 3V 
INPUT INPUT 1.5V 
| tpHi | OV. 
ae | : ee teLH 
PULSE aureur : ! | Vou 
iene OUTPUT N 50% 50% 2 
C: | r 4 Fe ae ee Vor 
(See Note B) trae — ht— — > ie tr 
TEST CIRCUIT VOLTAGE WAVFORMS 


Figure 1. Propagation and Transition Times 


Thermal Information MAXIMUM SUPPLY VOLTAGE 


VS 
FREE-AIR TEMPERATURE 


- Supply voltage-V 


Vcc 


2 


@) x 
@) 1 
Ta-Free-Air Temperature —°C 


Typical Application Data Figure 2. 


R, 2 3kQ (from each output to ground) _ 
6) 30 40 50 60 70 =—880 


20 


OUTPUT TO RTL 
= =O0.7V TO 3.7V 


1/4 GD75188 


OUTPUT TO DTL 


— —0.7V TO 5.7V 
INPUT FROM 1/4 GD75188 
TTL OR DTL = GD75188 | GD75188 
OUTPUT TO HNIL 
= —0.7V TO 10V 


1/4 GD75188 


OUTPUT TO MOS 


—10V TO OV 
1 4 GD75188 10KQ 
Vere aay 12 
| Figure 4 - Power Suply Protection to Meet Power-Off 
Figure 3 - Logic Translator Applications Fault Conditions of Eia Standard RS-232C 
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QUADRUPLE LINE RECEIVERS 


Feature 


Pin Configuration 
Input Resistance ... 3k2 to 7k g 


Input Signal Range ... +30V 

Fully Interchangeable with SN/75189A 

Operates from Single 5-V Supply | 

Built-In Input Hysteresis (Double Thresholds) 

Response Control Provides: Input Treshold 

Shifting 

Input Noise Filtering 

e Satisfies Requirements of EIA RS-232-C 


4 3 
4A CONTROL 4Y.- 3A CONTROL 3Y 


Suffix-Blank: Plastic Dual In Line Package 
Suffix-J _: Ceramic Dual In Line Package 


Description 


The GD75189/A is monolithic quadruple line 
receivers designed to satisfy the requirements of the 
standard interface between data terminal equipment 
and data communication equipment as defined by 
EIA standard RS-232C. A separate response con- 
trol terminal is provided for each receiver. Aresistor | RESFONSE 
or aresistor and bias voltage can be connected bet- 
ween this terminal and ground to shift the input 
threshold voltage levels. An external capacitor can 
be connected from this terminal to ground to pro- 
vide input noise filtering. 


Rce—1 0K: GD75189 
2K: GD75189A 


Absolute Maximum Ratings 


e Supply voltage Voc 10V 
e Input voltage Vi +30V 
e Output current Vo 20 mA 
e Continuous total dissipation at (or below) 25°C Py 1 W 
e Operating free-air temperature range Ta O~ 175 °C 
e Storage temperature range TstG —65%+175°C 
e Lead temperature 1/16 inch from case for 60 seconds, J Package 300 °C 
e Lead temperature 1/16 inch from case for 10 seconds, P Package 260 °C 


sme sc SSE REESE SS SESSA SES ST EE ET ST a EE 
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Electrical Characteristics over recommended operating free-air temperature range ( ): GD75189A 


SYM | TEST 
BOL PARAMETER FIGURE TEST CONDITIONST MIN TYP$ MAX | UNIT 


V+ |Positive-going threshold voltage aa ae (1.75) (1.9) 1.5(2.25) Vo 
| Vz_ |Negative-going threshold voltage Po 0.75 0.97 1.25 


Von |High-level output voltage 


o. |Low-level output voltage 


[You ae 
a High-level input current 
a 
los | 3 | 


3 


I {Low-level input current 


Short-circuit output current 3 
loc [Supply current Le 


t All characteristics are measured with the response control terminal open. 
} All typical values are at Vog=5V, T,a=25°C 


Switching Characteristics, Voc =5V, T,a=25°C 


TEST 
PARAMETER FIGURE TEST CONDITIONS MIN TYP MAX 


Propagation delay time, low-to-high-level output C_=15pF R, =3.9k2 
4 


3 


3 


UNIT 


tp, [Propagation delay time, high-to-low-level output C,=15pF, R, =3902 | 25 50 | 


trLy |Transition time, low-to-high-level output C,=15pF, R, =3.9k2 120 175 
ransition time, high-to-low-level output C_=15pF, R, =3902 | 1020 | 


Parameter Measurement Information 


V 
Veo cc he Voc 
al | 

Vr, V; ‘i —— OPEN . 

' { 
RESPONSE : = = 
Vou RESPONSE RESPONSE 
CONTROL CONTROL CONTROL 
al = OPEN OPEN 
OPEN = 
OTHERWISE | ; ne Re tiuid cae 
SPECIFIED Cc _ nad i i i 
. | . a, = +Vo 
= r = Figure 2 — In, Ii, lec Figure 3 — los 
Figure 1 — Vre5 Vr_; Von: Voi 
Voc 10ns > = —e]l be 10ns 
90% te | 90% 
ay) ie) 
a INPUT 50% |e 50% 
(See Note C) 

PULSE t —a—v| eee 
GENERATOR a | Vou 
(See Note A) 90% 90% 

OUTPUT | 
a Ne 
tre —e ag jet trun 
TEST CIRCUIT VOLTAGE WAVEFORMS 
NOTES: A. The pulse generator has the following Figure 4 - Switching Times 


characteristics: Zoyr = 50, ty=500ns. 
B. C, includes probe and jig capacitance. 
C. All diodes are 1N3064 or equivalent 


Arrows indicate actual direction of current flow, Current into a terminal is a positive value. 
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Typical Characteristics 


Amplitude — V 


Vo-Ouput Voltage-V 


Vo-Output Voltage-V 


ACME 
CAIN ANT 
CUMIN NIN 


Hl |. Ua TM 
Vec=5V 
Ta=25°C © 
See Note A_ 


GD75189 
OUTPUT VOLTAGE vs INPUT VOLTAGE 


V|—Input Voltage-V 
FIGURE 5 


GD75189A 
OUTPUT VOLTAGE vs INPUT VOLTAGE 


Ro=5kQ Ro=11kQ 
=0d 
cissahal RRR Ve=-5V 
wet ey tee eg Pe 
— 3 


0 
-3 -2 0 
V-Input Voltage-V INPUT CURRENT 


See Figure 1 


VS 
NOISE REJECTION INPUT VOLTAGE 


ISNT 


i—Input Current-mA 


40 100 1000 4000 10000 ~~ 22-18 “19-8 9 8 10 
tw-—Pulse Width-ns V,-Input Voltage-V 
Figure 6 Figure 7 


mae 
4 a 


15 20 25 


NOTE A: This figure shows the maximum amplitude of a positive-going pulse that, starting from zero volts, will not cause a change of the output level. 
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QUAD THREE-STATE SINGLE ENDED RS-423 LINE DRIVER 


Feature 


e Four single ended line drivers in one package for 

maximum package density 

Output short-circuit protection 

Individual rise time control for each output 

502 transmission line drive capability 

High capacitive load drive capability 

Low lIcc and Iee power consumption 

(26mW/driver typ.) 

e Meets all requirements of RS-423 

e Three-state outputs for bus oriented systems 

¢ Outputs do not clamp line with power off or in hi- 
impedance state over entire transmission line 
voltage range of RS-423 

e Low-current PNP inputs compatible with TTL, 
MOS and CMOS 

e Available in military and commercial temperature 
range 

e Advanced low power Schottky processing 

e 100% reliability assurance screening to MIL- 
STD-883 requirements 


Functional Description 


The GD26LS29 is a quad single ended line driver, 
designed for digital data transmission. The 
GD26LS29 meets all the requirements of EIA Stan- 
dard RS-423 and Federal STD 1030. It features four 
buffered outputs with high source and sink current, 
and output short circuit protection. 

A slew rate control pin allows the use of an external 
capacitor to control slew rate for suppression of near 
end cross talk to receivers in the cable. 

The GD26LS29 has three-state outputs for bus 
oriented systems. The outputs in the hi-impedance 
state will not clamp the line over the transmission 


line voltage of RS-423. A typical full duplex system - 


would use the GD26LS29 line driver and up to 
twelve GD26LS32 line receivers or an GD26LS32 
line receiver and up to thirty-two GD26LS29 line 
drivers with only one enabled at a time and all others 
in the three-state mode. 


Pin Configuration 


SLEW RATE 
CONTROL A 


OUTPUT A 


4) OUTPUT B 


SLEW RATE 
CONTROL B 


SLEW RATE 
CONTROL C 


11] OUTPUT C 


INPUT D 10} OUTPUT D 


ro] SLEW RATE 
CONTROL D 


Suffix-Blank: Plastic Dual In Line Package 
Suffix-J : Ceramic Dual In Line Package 


Logic Diagram 


SR couneL A 
INPUT A OUTPUTA 

SR CONTROL B 
INPUT B OUTPUTB 

SR CONTROL C 


INPUT C OUTPUT C 


SR CONTROL D 


NETS - OUTPUT D 


Veco ieeaiacsiepias 


GROUND 
Ver a ENABLE 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life may be impaired) 


Storage Temperature “65°C to 150°C 
Supply Voltage 

V+ 7.0V 

V- =7,0V 
Power Dissipation — 600mW 
Input Voltage | —05 to +15.0V 
Output Voltage (Power Off) , | +15V 
Lead Soldering Temperature (10 seconds) 300°C 


Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 


[syweOL [PARAMETER | _TeSTCONDmTiONS [MIN | TYP | MAX 
ee ee eer 
ee eee 

as 


TYP 

4.0 4.4 

36 | 41 

Ver Ned R=#500 
) 

Pom seer [arr pate 


Vin=2.4V 
Output Short Circuit Current | Vo=OV 
Vin=0.4V 


2.0 
[=o | -160 | ma 
Vstew= Veet 0.9V 
18 
2.0 


Vo 
Vo 
ve 
Vr 


MAX 
0.4 
150_| mA 
Positive Supply Current Vin=2.4V, RL=© | 18} 30 
Negative Supply Current Vin=0.4V, R, =e 


r — 
Ie a 
eo — 

_—- | 150_ 
| Isiew ee sk 
a | 30 | 
lee ak 
fo Off State (High Impedance) Vo=tov. | | 2.0 | 100 
| Volts | 
a 
i = 

a 
ae 


mA 
mA 
A 
A 
a 
| - 0 
High Level Input Current 


AC CHARACTERISTICS Vcc =5-°V, Veg= —50V, Ta= 25°C 


TEST CONDITIONS TYP | MAX | UNITS 
(Note 1) 


-  [Cc=50pF] | 3.0 | | ps | 
R= 4502, C,=S00pF, Fig. 1 FG = 300] ns | 


R, =450Q, C,=500pF, Fig. 1 


a 


Negative Slew Rate 


Slew Rate Coefficient R, =4502, C, =SO0O0pF, Fig. 1 


ale 
ol oar tae 
180 | 300 
[2s 
a 


Output Enable to Output . 
R, =4502, C, =500pF, Ce =OpF 


Notes: 1. Typical limits are at Vcc =5.0V, Vee=—5.0V, 25°C ambient and maximum loading. 
2. Symbols and definitions correspond to EIA RS-423 where applicable. 


GD26LS29 


SWITCHING TIME WAVEFORMS AND AC TEST CIRCUITS 


OUTPUT 


tr<10ns ti<10ns 


INPUT OV 


Figure 1. Rise Time Control. 


1k 


ani 
HEH 
SH He 


100 


RISE TIME—psec 


CAPACITANCE—pF 


Figure 2. Slew Rate (Rise or Fall Time) 
_ Versus External Capacitor 
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QUAD DIFFERENTIAL LINE RECEIVERS 


Feature 


e GD26LS33AC has + 15-V Common-Mode 
Range with + 500 mV Sensitivity 5 RUT input p 
Input Hysteresis ... 50 mV Typical 
Operates From a Single 5-V Supply 
Low-Power Schottky Circuitry 
3-State Outputs 

Complementary Output Enable Inputs 
Input Impedance ... 12 kQ Min 


Pin Configuration 


INPUT A OUTPUT . ee INPUT C is 
A 


Suffix-Blank: Plastic Dual In Line Package 
Suffix-J : Ceramic Dual In Line Package 


Description Function Table (Each Receiver) 


GD27LS33A is quadruple line receiver for balanc- 
ed and unbalanced digital data transmission. The 
enable function is common to all four receivers and 
offers a choice of active-high or active-low input. 


Three-state outputs permit connection directly to a ViigVingVTH 
bus-organized system. Fail-safe design ensures that 
if the inputs are open, the outputs will always be Viog Vie 


high. 


high level, L = low level, X = irrelevant 
igh impedance (off), ? = indeterminate 


tt Wy 
= x 


Absolute Maximum Ratings over Operating Free-Air Temperature Range (Unless Other- 
wise Noted) 


© SUDO VOM Nie sects pach vox bedacdacpatcasseennnetas ne mersnst sana accerecssuensnenstheastaderestcaaunecsates 7V 
© WA OMS ees ces atc asw eaten oe tena nea vena ia eh wenden e caus ween eenavawcc sec entienainds 5.5V 
e Differential input voltage (See Note 2) 0.0.0... ccccccc cece cece ee eeeetenseeseeseesenseeeesenseneenees +25V 
©. ENGdle-INDUl VONAGE siccrtsissacedetedexncnce ens beoansiadcdaidpucattnadlessdticcssenswssadtatesudian ndasckaobasna sane 7V 
® LOW-IEVEl GUIDUT CUITEIE insssrcwousiincscinnsesancsnasdeaswnncrtdiusianeney sete tendercundesestediiniioneresine’ 50 mA 
¢ Continuous total dissipation at (or below) 25°C free-air temperature ......................cc cee ee ees 1W 
e Operating free-air temperature range .................ccccccc eee ce nce eeceeeeeeeenseeeeneeeeaeneees 0°C to 70°C 
e Storage temperature range ............. ccc ccc cece cece cece ec enseeteaeeeeceesestentensesen —65°C to 150°C 
e Lead temperature 1/16 inch (1,6 mm) from case for 60 seconds: J package ............. 300°C 
e Lead temperature 1/6 inch (1,6 mm) from case for 10 seconds: package .................. 260°C 


NOTES: 1. All voltage values, except differential voltage, are with respect to the network ground terminal. 
2. Differential voltage values are at the noninverting terminal with respect to the inverting terminal. 
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Recommended Operating Conditions 


SYMBOL PARAMETER MIN 


Ta 


Electrical Characteristics over recommended operating free-air temperature range (unless otherwise noted) 


Differential input _ _ 
va low-threshold voltage Vo Uae%, lo-=8mA eos 


Vec=4.75V,  Vp=1V 
ViG)=0.8 V, lon= — 440 


Line input current 


i 
Tew, | Ena nput curent dB 10 

Ty —[Hioh-evel enable cunt [vea7v SOS 2 
[i [rowievel enable curent_[vja0av OSS | 
Ry [inputresistence __——=—«d(g=—15.Vl0 18V One input to AC ground [1278 ——~d Re 
Tos [Shortcut output current “4 [VogmS25V nt] mA 


Voc=5.25 V . 
loc Supply current All outputs disabled>2ta inputs at O V 52 70 


“1 All typical values are at Vec=5V, Ta=25°C, and Vic=0 

*2 The algebraic convention, where the less-positive (more-negative) limit is designated as minimum, is used in this data sheet for threshold levels only. 
*3 Hysteresis is the difference between the positive-going input threshold voltage, V+, and the negative-going input threshold voltage, Vr- 

¢{ Not more than one output should be shorted at a time. 


Switching Characteristics, Veg =5V, Ta =25°C 


TEST CONDITIONS 


C,=15 pF See Figure 1 


C,.=15 pF See Figure 2 


Output enable time to low level 
Meee Output disable time from high level 
tpiz Output disable time from low level 


C.=5 pF See Figure 1 


GD26LS33A 


Parameter Measurement Information 


TEST 
POINT Vec 
R.=2 kQ 
S1 
FROM OUTPUT 
UNDER TEST eee Note: C 
C, 
See Note B 


S2 


TEST CIRCUIT 


ENABLE 


OUTPUT S1 open | q 
S2 closed — al 1.4 
S1 closed 
S2 closed 


VOLTAGE WAVEFORMS FOR tpyz, tpzy’ 


NOTES: A. The pulse generator has the following characteristics: 
Zout=50 Q PRR=1 MHz, t,=0.5 us. 

. C, includes probe and jig capacitance. 

. All diodes are 1N3064 or equivaient. 

. Enable G is tested with G high, G is tested with G low. 


008 


INPUT 


OUTPUT 


S1 and S2 closed 


VOLTAGE WAVE FORHS for teLH, teHL 


ENABLE 


VOLTACE WAVEFORMS FOR tpi, tpz, 
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Application Example 


GD26LS31C GD26LS32 


DATA : DATA 
J 


GD26LS32AC 


GD26LS33AC 


DATA 
OUT 


*Rr equals the characteristic impedance of the line. 
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GOLDSTAR SEMICONDUCTOR SALES NETWORK 


ASIA 


KOREA 


° KUM SUNG JUN SIN 


ELECTRONICS CoO,. LTD. 
182-13, Jangsa-Dong, Chongro-Gu 
Seoul, Korea 

Tel:02-273-681 1-3/274-1911-2 
Fax:02-272-4367 


° NAM SUNG ELECTRONICS 


70-12 Goe-Dong Choong-Gu 
Daegu, Korea 
Tel:053-423-0654 
Fax:053-423-6689 © 


° SAM JIN ELECTRONICS 
671-1, Junpo 1 Dong Busanjingu 
Busan, Korea 
Tel:051-807-1717 / 1747 
Fax:051-807-6657 


SEOG YUNG ELECTRONICS 


182-2, Jangsa-Dong, Chongro-Gu 
Seoul, Korea 

Tel:02-273-6781 

Fax:02-273-6597 


° SOKCHUN TRADING CO.,LTD. 


3112 Sun-in B/D Young San 
K.P.0.Box 1148, Seoul, Korea 
Tel:02-273-7877 ,266-1940 
701-7811/7814 
Fax:02-274-3291 


° WOO SUNG 


SEMICONDUCTOR | 


5005Ho 22Dong Seonin Sangga 

16-1, Hangangro-2Ga, YongSan-Gu 

Seoul, Korea 

Tel:02-273-4730, 272-3874 
701-0291-4 

TIx:WOOSEM K28711 

Fax:02-701-0295 


° 


HONG KONG 


* GOLDSTAR (HK.) LTD. 


Rm. 1501B, World Wide House, 
19, Des Voeux Road, Central, 
Hong Kong. 

Tel:5-8456787 

TIx:89860 GSH HX 
Fax:5-8459416 


* LUCKY-GOLDSTAR INTL 
LTD. 


Rm. 3001, Gloucester Tower 
30th Fl. The Landmark 
Central, Hong Kong 
Tel:5-266402/7 

TIx:62711 LGI HX 

Fax:5-868 1460 


* : Sales Offices 
XH: Sales Representatives 


e FUTURISTIC ELECTRONICS 
Co., LTD. 


Flat.A-11,7/F Tonic !ndustrial Center 
No.26, Kai Cheung Rd. Kowloon Bay 
Kowloon,H.K. 

Tel:3-796-7968 

TIx:52882 FETSC HX 
Fax:3-796-7420 


~ @eSUN COMPONENTS LTD. 


1/F Hang Lung Bank Bldg. 
46-48 Granville Road 

Tsim Sha Tsui, Kowloon, H.K. 
Tel:852-3-31 18321 

Tlx:55858 ONFLO HX 
Fax:852-3-311-6715 


e TECHGROW LTD. 


4B Cheerful Comm. Bldg. 

116-118, Ma Tau Wai Rd. Hunghom, 
Kowloon 

Hong Kong 

Tel:3-764-3618 

TIx:32465 TGL HX 

Fax:3-764-1781 


INDIA 
* GOLDSTAR CO., LTD. 


Room 306-309 Parkash Deep Bidg. 
7, Tolstoy Marg. 

New Delhi 110 001, India 
Tel:91-11-3311899 

TIx:3161599 LGND IN 
Fax:91-11-3323754 


* LUCKY-GOLDSTAR INT’L 


CORP. 


Room 306-309 Parkash Deep Bldg. 
7, Tolstoy Marg. 

New Delhi 110 001, India 
Tel:91-11-3311899 

TIx:3161599 LGND IN 
Fax:91-11-3323754 


e SEMICON TECH 


15, Amrut Hansoti Rd. 
Cama lane, Ghatkopar (W) 
Bombay 400 086, India 
Tel:91-22-5114789 
TIx:1172313 SMC IN 
Fax:91-22-5136940 


eSPARTEX SYSTEMS & 
SERVICES 
PVT. LTD. 


No. 68, Michael Paiyam, 

Near Deccan Studio, C.V. Raman Nagar 
Post 

Bangalore 560 093, India 
Tel:91-812-564211 

TIx:8452190 MLHR IN 


°: Sales Distributors 


JAPAN 
* GOLDSTAR JAPAN CO., LTD. 


Hon-Kan 9F. Akasaka Twin Tower 
17-22, 2-Chome, Akasaka, Minato-ku 
Tokyo, Japan 

Tel:03-224-0123 

TIx:J22873 GSTOKYO 
Fax:03-582-7948 


e JAPAN MACNICS CORP. 


516, Imaiminami-Cho, Nakahara-Ku 
Kawasaki-City, Kanagawa-Ken, 211 
Japan 

Tel:044-7 11-0022 

Tlx:28988 JAPMAC J 
Fax:044-711-2214 


e OHTORI CORP. 


9-8, 5 Chome, 
Nipponbashi, Naniwa-Ku, 
Osaka Japan 
Tel:06-643-1655 
TIx:526-7218 
Fax:06-633-5212 


eOKAMOTO MUSEN CO., LTD. 


TOKYO BRANCH 
3-2-17 Nozawa, Setagay-Ku 
Tokyo 154, Japan 
Tel:03-412-8211 
Fax:03-418-2555 


SINGAPORE 


* GOLDSTAR CO., LTD. 


8 Shenton Way 
#30-04 Treasury Bldg. 
S'pore 0106 
Tel:65-2243166 

TIx:RS 29118 GSSPO 
Fax:65-2240721 


* LUCKY-GOLDSTAR INT’L 
CORP. 


8 Shenton Way 
#39-03 Treasury Bldg. 
S’pore 0106 
Tel:65-2204566 
Tix:RS 33922 LGTSPO 
Fax:65-2249049 


e DYNAMAR HOLDINGS PTE 


LTD. 


109 Defu Lane 10 
Singapore 1953 
S'pore 1334 
Tel:281-3388 

TIlx:RS 26283 DYNAMA 
Fax:281-3308 


@ : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


THAILAND 


e DYNAMAR COMPUTER 


PRODUCTS Co., LTD. 


444 Ratchadapisek Road Samsennok 
Hauy Kwang Bangkok 10310 
Thailand 

Tel:662-511-5104, 511-4809, 511-4331 
Fax:662-5 12-1067 


TAIWAN 


* GOLDSTAR CO., LTD. TAIPEI 
OFFICE 


3F-4, No. 695, Tun Hwa South Road, Taipei 


Taiwan, R.O.C. 
Tel:02-755-6658 
Fax:02-702-0687 


* LUCKY-GOLDSTAR INTL 
CORP. 


3F-4, NO. 695 

Tun Hwa South Road, Taipei, 
Taiwan, R.O.C. 
Tel:02-755-6648/6650 
Fax:02-702-0687 


e BRIGHT UP INDUSTRIES Co., 


LTD. 

12F, NO. 142, Chung-Hsiao 

E. Rd. SEC. 4 Taipei, Taiwan, R.O.C. 
Tel:02-773-2194/8, 776-5455/9 
Fax:02-751-9545 


e GOLDEN SEVEN ENTERPRISE 


CO. LID, 


10th Fl. #95-1 Sung Chiang Rd. Taipei, 
Taiwan, R.O.C. 

Tel:02-507-1186 

TIx:26140 GOSEVEN 

Fax:02-508-2250 


e LUMAX INT’L CORP., LTD. 


14th Fl., 687 Ming Sheng East Rd. 
Taipei, Taiwan, R.O.C. 

Tel:02-7 15-5976 

Fax:02-7 16-4649 

TIx:22607 LUMAX 


e UNITECH DEVICE CORP. 


6F-2,No.142,Chung-Hsiao 

E. Rd. SEC. 4 Taipei, Taiwan, R.O.C. 
Tel:02-7760560/5 

Fax:02-7313100 


* : Sales Offices 
M: Sales Representatives 


EUROPE 


AUSTRIA 


* LUCKY-GOLDSTAR INT'L 
CORP. 


Mariahilfer Strasses 77-79, 
1060, Wien, Austria 
Tel:222-933747 
TIx:134419 LG INTA 
Fax:222-933739 


° E.S.L. HANDELSGES M.B.H. 


Wasagasse 26/3B 
A-1090,Wien, Austria 
Tel:222-310-1025 
Tlx:135548 ESL A 
Fax:222-310-1027 


BELGIUM 
° MALCHUS ELECTRONICS 


Plantin-moretuslei 172 
B-2018 Antwerpen, Belgium 
Tel:3-2353272 

TIx:33637 MALCH B 
Fax:3-2711049 


DENMARK 


° OLE WOLFF ELEKTRONIK 


APS. 


Rodengvej 25, Dk 4180 Soro. 
Denmark 

Tel:3-633830 

Tix:40294 WOLFF DK 
Fax:3-630183 


FINLAND 


° ELDIS OY 


Niittyrinne 6, 02270, Espoo, Finland 
Tel:0-8039044 

Tlx:121278 ELDIS SF 
Fax:0-8039089 


FRANCE 


* LUCKY-GOLDSTAR INT’L 
CORP. 
PARIS OFFICE 


24, Avenue De La Grande-Armee 
75017 Paris, France 
Tel:1-4766-8888 

TIx:640221F LGIPAR 

Fax: 1-4766-1380 


& AGEREP 
7, rue Marcelin Berthelot 
92160 ANTONY, France 
Tel: 1-4666-6033 
TIx:204871 GEPSI 
Fax: 1-4096-9226 


°: Sales Distributors 


° COMPTOIR COMMERCIAL 


D'IMPORTATION 


5, rue Marcelin Berthelot 
92160 Antony, France 
Tel: 1-4666-2182 
Tix:LORESOL 203881 
Fax: 1-4096-9226 


ITALY 
° DAEWON EUROPA S.RLL. 


Via lenardo da vinci, 43 
20090 Trezzano Sul Naviglio 
(Milano), Italy 
Tel:2-4450042 

TIx:323261 DWESKP 
Fax:2-4450184 


° MELCHIONI S.P.A. 


Via P. Colletta,37 
20135 Milano, Italy 
Tel:2-57941 
Tix:320321 MELKIO | 
Fax:2-5461081 


NETHERLANDS 


° MALCHUS B.V. 


P.O. Box 4S 

3100AA Schiedem, Netherlands 
Tel:10-4277777 

TIlx:21598 MALCH NL 

Fax: 10-4154867 


NORWAY 


° FEIRING ELEKTRONIKK A/S 


P.O. Box 101, Bryn, 
0611 Oslo 6, Norway 
Tel:2-649070 
Tlx:74592 FEIIK N 
Fax:2-644051 


SPAIN 
° INDUTRONIK;S.A. 


Angelita Cavero,9 
28027 Madrid, Spain 
Tel:1-741-8011 
TIx:47821 INTKE 
Fax:1-742-6831 


° LOBER, S,A. 

_ Monte Esquinza, 28 
E-28010 Madrid, Spain 
Tel: 1-410-6821 
Tlx:49533 TLOB E 
Fax: 1-410-6968 


e : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


SWEDEN 


° MIKO KOMPONENT AB 
Seger Sbyvagen 3 
S-14502 Norsborg, Sweden 
Tel:753-89080 
TIx:15023 MIKO S 
Fax:753-75340 


SWITZERLAND 


° ETRONICS AG 


Sonnenberg, P.O.B.23 

8103 Unterengstringen, Switzerland 
Tel:1-750-351 1 

Tix:829055 AETR CH 
Fax:1-750-3567 


TURKEY 
° COMTEC San. ve Tic. Koll. Sti. 


Hasanpasa, Ahmet Rasim Sok, 
No. 16 Kadikoy Istanbul, Turkey 
Tel:1-397-2245 

Tix:29569 ELTS TR 

Fax: 1-336-8814 


U.K. 


* GOLDSTAR CO., LTD. 


Goldstar House 264 Bath 

Road Slough Berkshire Sli 4EW 
Tel:44-753-69 1888 

Tix:846284 GSUK G 
Fax:44-753-693061 


LUCKY-GOLDSTAR INT'L 
(U.K.)LTD. 


1-Fl, Califton House 83-89 
Uxbridge Rd. Ealing 
London W5 5TA, U.K. 
Tel:840-7111 

Tlx:21765 LGIUK G 
Fax:840-1658 


° KORD DISTRIBUTION LTD. 
Watchmoor Road Camberley 
Surrey GU15 3AQ., U.K. 
Tel:276-685741 
Tlx:859919 KORDIS G 
Fax:276-691334 


* 


W. GERMANY 


* GOLDSTAR Deutschland GmbH 


Zentrale Ratingen 
HarkortstraBe 41 
D-4030 Ratingen 
Tel:02102-4987-0 
Tix:8585262 GSDG D 
Fax:02102-49-9662 


_ * : Sales Offices 
Xm; Sales Representatives 


* LUCKY-GOLDSTAR INT'L 
(Deutschland) GmbH 
Lyoner Stern Bidg. 
Hahnstrasse 70 
D-6000 Frankfurt Am Main 71 
W.Germany 
Tel:69-663-0070 
Tlx:4185337 LGIF D 
Fax:69-666-6865 

° BECK GmbH & CO. 
ELEKTRONIK 


Bnauelemente KG. Postfach 

91,02 80 8500 Nuernberg 91, W.Germany 
Tel:0911-34050 

Tix:622334 BECK D 

Fax:0911-340528 


OCEANIA 


AUSTRALIA 


° NOVOCASTRIAN 
ELECTRONIC 
SUPPLIES PTY LTD. 


24 Broadmeadow Rd. Broadmeadow 
NSW, 2292, Australia 

Tel:49-62-1358 

Fax:49-62-2005 


AFRICA 


EGYPT 


° HELIOPOLIS EST FOR 
IMPORT 
AND ELECTRICAL 


CONTRACTS 


13 El Somal St. El Korpa, Heliopolis 
P.O. Box 610 H.W. 
Tel:660793/67 4986 

Tlx:20348 MOMA 


NORTH AMERICA 


U.S.A. 


* GOLDSTAR TECHNOLOGY, 


INC. 
1130 East Arques Avenue, 
Sunnyvale CA 94086 


Tel:408-737-8575 
Fax:408-737-0186 


°: Sales Distributors 


* GOLDSTAR TECHNOLOGY, 
INC. EASTERN AREA OFFICE 


1821 Walden Office Square, Suite 426 
Schaumberg, IL 60173 
Tel:312-397-0004 

Fax:312-303-1121 


* 


GOLDSTAR TECHNOLOGY, 
INC. WESTERN AREA OFFICE 


6576 Corte Cisco 
Carisbad. CA 92008 
Tel:619-931-7641 
Fax:619-931-9628 


ALABAMA 


Ma EMA WESTERN REGIONAL 


OFFICE 


309 Jordan Lane N.W. 
Huntsville, AL 35805 
Tel:205-830-4030 
Fax:205-830- 1947 


RESISTACAP, INC. 


P.O. Box 14069 

11547 S.Memorial Parkway 
Huntsville, AL 35815 
Tel:205-883-4270 
Fax:205-881-7624 


° 


ARIZONA 


° ADDED VALUE ELECTRONIC 


DISTRIBUTION, INC. 


7741 East Gray Road. Suite #9 
Scottsdale. AZ 85260 
Tel:602-951-9788 
Fax:602-951-4182 


CALIFORNIA 
& HADDEN ASSOCIATES, INC. 


4710 Rusner St. Suite H 
San Diego, CA 90111 
Tel:619-565-1944 
Fax:619-565-1802 


MAGNA SALES 
3333 Bowers. Suite 251 
Santa Clara, CA 95054 
Tel:408-727-8753 
Fax:408-727-8573 


° ADDED VALUE ELECTRONIC 


DISTRBUIION, INC. 


6397 Nancy Ridge Road 
San Diego, CA 92121 
Tel:619-558-8890 
Fax:619-558-3018 


e@ : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


° ALL AMERICAN 


SEMICONDUCTOR, INC. 


2360 Qume Drive, Suite B 
San Jose, CA 95131 
Tel:408-943-1200 
800-222-6001 
Fax:408-943-1393 


JACO ELECTRONICS, INC. 


2880 Zanker, Suite 202 
San Jose, CA 95134 
Tel:408-432-9290 
Fax:408-432-9298 


CYPRESS ELECTRONICS 


2175 Martin Ave. 
Santa Clara, CA 95050 
Tel:408-980-2500 
Fax:408-986-9584 


° 


° 


oO 


ALL AMERICAN 


SEMICONDUCTOR, INC. 


369 Van Ness Way, #701 
Torrance, CA 90501 
Tel:213-320-0240 
800-669-8300 
Fax:213-320-7207 


° 


DISTRIBUTION, INC. 


1582 Parkway Loop, Unit G 
Tustin. CA 92680 
Tel:714-259-8258 

Fax:7 14-259-0828 


°o 


DISTRIBUTION, INC. 
3320 East Mineral King, Unit D 
Visalia, CA 93291 
Tel:209-734-8861 
Fax:209-734-8865 


° 


DISTRIBUTION, INC. 
31194 LaBaya #100 
Westlake Village. CA 91362 
Tel:818-889-2861 — 
Fax:818-889-2472 


COLORADO 


° A.V.E.D.-ROCKY MOUNTAIN, 
INC. 


4090 Youngfield Street 
Wheat Ridge, CO 80033 
Tel:303-422-1701 
Fax:303-422-2529 


* : Sales Offices 
aX: Sales Representatives 


ADDED VALUE ELECTRONIC 


ADDED VALUE ELECTRONIC 


ADDED VALUE ELECTRONIC 


CONNECTICUT 


° PARK DISTRIBUTORS 
347 Railroad Avenue 
Bridgeport, CT 06604 
Tel:203-366-7200 
Fax:205-881-7624 


FLORIDA 


2 LAWRENCE ASSOCIATES, INC. 


711 Turnbull Avenue 
Altamonte Springs, FL 32701 
Tel:407-339-3855 
Fax:407-767-0973 


2 LAWRENCE ASSOCIATES, INC. 


5021 N.Dixie Hwy. 
Boca Raton, FL 33431 
Tel:407-368-7373 
Fax:407-394-5441 


2 LAWRENCE ASSOCIATES, INC. 


1417 Malabar Lakes Drive N.E. 
Palm Bay, FL 32905 
Tel:407-984-0669 
Fax:407-951-0906 


4 LAWRENCE ASSOCIATES, INC. 


1131 US 19 South 
Palm Harbor, FL 34864 
Tel:813-787-2773 
Fax:813-787-2654 


° ALL AMERICAN 


SEMICONDUCTOR, INC. 


16251 N.W. 54th Avenue 
Miami. FL 33014 
Tel:305-621-8282 
Fax:305-620-7831 


° ALL AMERICAN 


SEMICONDUCTOR, INC. 


5009 Hiatus Road 
Sunrise, FL 33351 
Tel:305-572-7999 

inside FL: 800-432-6838 
Outside FL: 800-327-6237 
Fax:305-749-9229 


° JACO ELECTRONICS, INC. 


1202 Tech. Blvd., Suite 201 

Tampa. FL 33619 

Tel:813-628-4665 

Toll Free from N.FL & GA:800-265-JACO 
Fax:813-626-8185 


GEORGIA 


2 EMA 


EASTERN REGIONAL OFFICE 


620 Colonial Park Drive 
Roswell, GA 30075 
Tel:404-992-7240 
Fax:404-993-3426 


°: Sales Distributors 


ILLINOIS 
Ht TRISTAR 


° 


° 


930 Lee St. 

Elk Grove Village, IL 60007 
Tel:312-593-0200 
Fax:312-364-6507 


ADVENT ELECTRONICS, INC. 


7110-16N. Lyndon Street 
Rosemont, IL 60018 
Tel:312-298-4210 
Fax:312-297-6650 


Q.P.S. ELECTRONICS, INC. 
101 East Commerce Dr. 
Schaumberg, IL 60173 
Tel:312-884-6620 


INDIANA 


°o 


ADVENT ELECTRONICS, INC. 


8446 Molier Road 
Indianapolis, IN 46268 
Tel:317-872-4910 
Fax:317-872-9987 


IOWA 


° 


ADVENT ELECTRONICS, INC. 


682 58th Ave. Ct. S.W. 
Cedar Rapids, IA 52404 
Tel:319-363-0221 
Fax:319-363-4514 


MARYLAND 


° 


JACO ELECTRONICS, INC. 


10270 Old Columbia Road 
Columbia. MD 21046 
Tel:301-995-6620 
Fax:301-995-6032 


ALL AMERICAN 


SEMICONDUCTOR, INC. 


14636 Rothger Drive 
Rockville, MD 20850 
Tel:301-251-1205 
800-426-0420 
Fax:301-251-8574 


MASSACHUSETTS 
ALPHA OMEGA SALES CORP. 


325 Main Street. Suite 301 
North Reading, MA 01864 
Tel:508-664-1118 
Fax:508-664-3212 


e : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


ALPHA OMEGA SALES CORP. 


10-G Roessler Road 
Woburn, MA 01801 
Tel:617-933-0237 
Fax:617-938-8416 


ALL AMERICAN 


SEMICONDUCTOR, INC. 


107 Audubon Rd., Suite 104 
Wakefield, MA 01880 
Tel:617-246-2300 
800-874-2834 
Fax:617-246-2305 


3° 


MICHIGAN 


° ADVENT ELECTRONICS, INC. 


24713 Crestview Ct. 
Farmington Hills, MI 48331 
Tel:313-477-1650 
Fax:313-477-2830 


MINNESOTA 


& COMPONENTS GROUP CORP. 


45 Groveland Terrace 
P.O/Box 3978 
Minneapolis, MN 55403 
Tel:612-374-1250 
Fax:612-374-5434 


ALL AMERICAN 


SEMICONDUCTOR, INC. 


8053 E. Bloomington Fwy., #102 
Minneapolis, MN 55420 
Tel:612-884-2220 

Inside MN:800-223-7364 

Outside MN:800-342-7364 


ie] 


NEW YORK 


ERA 
364 Veterans Memorial Hwy. 
Commack, NY 11725 
Tel:516-543-0510 
Fax:516-543-0758 


° JACO ELECTRONICS, INC. 
145 Oser Avenue 
Hauppauge, NY 11788 
Tel:516-273-5500 
Fax:516-273-5528 


ALL AMERICAN 


SEMICONDUCTOR, INC. 


711-2 Koehler Avenue 
Ronkonkoma, NY 11779 
Tel:516-981-3935 

Inside NY:800-637-7769 
Outside NY:800-874-2830 
Fax:516-981-3947 


ie] 


* : Sales Offices 
X : Sales Representatives 


NORTH CAROLINA 


O EMA 
RALEIGH OFFICE 
6604 Six Forks Road 
Suite 204 
Raleigh, NC 27609 
Tel:919-846-6888 
Fax:919-847-7360 


OHIO 


° CAM RPC 


749 Miner Road 
Highland Hts., OH 44143 
Tel:216-461-4700 
Fax:216-461-4329 


OKLAHOMA 


2 LOGIC ONE 
6550 East 71St. Suite B 
Tulsa, OK 74133 
Tel:918-494-0765 


PENNSYLVANIA 


a CMS MARKETING 


715 Twining Road 
Dresher, PA 19025 
Tel:215-885-4424 

Fax:215-885-3736 


° CAM RPC ELECTRONICS 


620 Alpha Drive 
Pittsburgh, PA 15238 
Tel:412-782-3770 
Fax:412-963-6210 


TEXAS 


2 LOGIC ONE 


11149 Research Bivd. 
Suite 110 

Austin, TX 78759 
Tel:512-345-2952 
Fax:512-346-5309 


2 LOGIC ONE 
4606 FM 1960 West 
Suite 418 
Houston, TX 77069 
Tel:7 13-444-7594 
Fax:7 13-444-8236 


2 LOGIC ONE 
200 East Spring Valley 
Suite AA 
Richardson, TX 75081 
Tel:214-234-0765 
Fax:214-669-3042 


° A.V.E.D.-SOUTHWEST, INC. 
6448 Hwy 290 East. #A103 
Austin, TX 78723 
Tel:512-454-8845 
Fax:512-459-8043 


°: Sales Distributors 


° 


° 


A.V.E.D.-SOUTHWEST, INC. 
4470 Spring Valley Road 

Dallas. TX 75244 

Tel:214-404-1144 

Fax:214-404-1194 


ALL AMERICAN 


SEMICONDUCTOR, INC. 


1819 Firman Drive. #127 
Richardson, TX 75081 
Tel:214-231-5300 
800-541-1435 
Fax:214-437-0353 


WISCONSIN 
4 TRISTAR 


16655 W. Bluemond Road 
Suite 390 

Brookfield. WI 53005 
Tel:414-782-2670 
Fax:414-782-2187 


UTAH | 
° A.V.E.D.-ROCKY MOUNTAIN, 


INC. 


1836 Parkway Blvd. 

West Valley City, UT 84119 
Tel:801-975-9500 
Fax:801-977-0245 


WASHINGTON 
° JACO ELECTRONICS, INC. 


15014 N.E. 40th St. 
Bidg. "0" Unit 202 
Redmond, WA 98052 
Tel:206-88 1-9200 
Fax:206-881 9777 


CANADA 


BRITISH COLUMBIA 
& VITEL ELECTRONICS 


CALGARY OFFICE 

4211 Kingsway, Suite #314 _ 
Burnaby, British Columbia 
V5H 126 

Tel:604-439-1 136 
Fax:604-439-0195 


e : Sales Representatives/Distributors 


GOLDSTAR SEMICONDUCTOR SALES NETWORK 


ONTARIO 


A VITEL ELECTRONICS 
OTTAWA OFFICE 
300 March Rd., Suite #301 
Kanata, Ontario K2K 2E3 


Tel:613-592-0090 MEXICO 


Fax:613-592-0182 
° DICOPEL 


Tochtli 368 Fracc. Ind. 
Sn. Antonio, Azcapotzalco 
M2 VITEL ELECTRONICS C.P. 02760 Mexico, D.F. 


TORONTO OFFICE ieee 


5925 Airport Rd., Suite #610 
Mississauga, Ontario LAV 1W1 
Tel:416-676-9720 
Fax:416-676-0055 


SOUTH AMERICA 


QUEBEC 


MQ VITEL ELECTRONICS 


HEAD OFFICE - MONTREAL 


2235 Omesime Gagnon 
Lachine, Quebec H8T 927 
Tel:514-636-5951 
Fax:514-636-5526 


* : Sales Offices °: Sales Distributors 
a: Sales Representatives @ : Sales Representatives/Distributors 
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